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CHARACTERISTICS! EMPLOYER ATTITUDES i TECHNICAL EDUCATION! 

SORT! INTERVIEWS! JOB SKILLS! SURVEYS! ^OCCUPATIONAL 
INFORMATION! EDUCATIONAL NEEDS! ARIZONA! 

THE PURPOSE OF THIS STUDY WAS TO IDENTIFY THE KNOWLEDGE! 
SKILLS! AND JOB RESPONSIBILITIES OF SUCCESSFUL ENGINEERING 
TECHNICIANS AS INDICATED BY TECHNICIANS AND THEIR EMPLOYERS! 

TO EXAMINE THE RELATIONSHIPS BETWEEN THE EMPLOYER'S AND THE 
TECHNICIAN'S VIEWS OF NEEDED KNOWLEDGE AND SKILLS AND TO 
ASSESS THE IMPLICATIONS OF THE FINDINGS FOR ADJUSTMENTS IN 
CURRICULUMS FOR ENGINEERING TECHNICIANS. TWO HUNDRED AND 
TWENTY-ONE PERSONS! IDENTIFIED BY MANAGEMENT PERSONNEL AS 
THEIR MOST ABLE AND SUCCESSFUL TECHNICIANS! AND 142 IMMEDIATE 
AND SECOND LEVEL SUPERVISORS WERE INTERVIEWED AND ASKED TO 
SORT A PACK OF 99 CARDS! EACH CONTAINING DESCRIPTIVE 
TECHNICAL DATA CONCERNING THINGS TECHNICIANS DO IN VARIOUS 
SPECIALITIES. THE CARDS WERE SORTED DIRECTLY RELATED TO 
JOB! SOMEWHAT RELATED TO JOB! AND NOT RELATED TO JOB. 
TECHNICIANS VIEWED THEIR JOBS IN A VERY BROAD SENSE. 

RESEARCH! DESIGNi OR DEVELOPMENT AND TESTING WERE THEIR HOST 
FREQUENTLY MENTIONED ACTIVITIES. THE TECHNICAL KNOWLEDGE 
REQUIRED INVOLVED PRINCIPLES OF ELECTRICITY-ELECTRONICS! 
MATHEMATICS! AND DRAFTING AND DESIGN AND WAS GENERALLY 
ACQUIRED ON THE JOB. HOWEVER! TECHNICIANS GENERALLY BELIEVED 
THAT A 2- OR 4-YEAR FORMAL DEGREE PROGRAM WAS THE BEST 
PREPARATION FOR THEIR JOBS. MANAGERS AND TECHNICIANS TEND TO 
AGREE ON INFORMATION! SKILLS! AND KNOWLEDGE IMPORTANT TO THE 
WORK OF THE TECHNICIANS AND ON THE IMPORTANCE OF EDUCATIONAL 
PREPARATION. IT WAS CONCLUDED THAT BOTH EDUCATIONAL 
INSTITUTIONS AND INDUSTRY SHOULD INVESTIGATE THEIR ROLES IN 
ON-THE-JOB TRAINING FOR TECHNICIANS. (HC) 
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FOBBWABD 



The need for e definitive study dealing with successful technicians 
in Arisons has been obvious for sone time* 

Program development, with all its various concomitant ramifications, 
depends on results of such a study for direction* 

The present study attempts to clarify the status of the technician 
in Arisons today* It further identifies in part the direction technician 
programs should develop* 

It is anticipated that industrial personnel; Junior college, college 
and university personnel; and secondary school administrators, counselors 
end vocational-technical instructors will find the study of considerable 
interest and value* 

The principal investigator wishes to extend special thanks and 
recognition to Hr* Rheinhardt Lukas and Kr* Mimeth Loggans, both faculty 
members of Phoenix Union High School, for their untiring efforts to complete 
the interviews in this study* 

Mr* J* R* Gullison, State Director of Vocational Education and his 
staff also provided inveluable assistance in completing the study* 

Bill Wesley Brown 
19 July 1967 
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Introduction 



Sf taaent of the Problon t 

The rapid change taking place in industry today creates a need to 
re-examine the educational program provided in colleges and universities 
offering curricula in Engineering Technology* 

Those who employ Engineering Technologists have been consulted 
very little concerning the content of the curriculum that should be pro- 
vided for them in the educational program* Again^ successful technologists 
have not been contacted in sufficient number to determine the degree to which 
their educational program has contributed to their desmnstrated success* 
Purpose of the Studv i 

The purpose of this study is to answer the following questions: 

1* What knowledges do Industrial employers believe 
to be a necessary part of the education of 
successful Engineering Technologists? 

2* Nhat skills are needed by Engineering Tech- 
nologists to be successful as employees 
in modem industry? 

3* Nhat are the things that Engineering Tech- 
nologists must do on the Job (operations » 
skills, calculations, report writing, etc*)? 

4* Nhat knowledges are needed to be successful 
as an Engineering Technologist as indicated 
by successful Engineering Tedinologists? 

5* Nhat skills are needed by Engineering Tech- 
nologists as indicated by successful 
Engineering Technologists presently employed? 
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What relation exiats between the knowledgea 
and akilla needed by Engineering Technologiata 
aa expreaaed by eoployera of theae peraona wa« 
what aueceaaful Engineering Technologiata ex- 
preaa aa their needa? 



7* What ioplicationa do the anawera to the above 
queationa have for adjuatmenta in preaent day 
college and univeraity curricula for Engineering 
Technologiata? 



Definitiona 



For the purpoaea of thia reaearch project the definition of technician 
uaed waa the one propoaed by the Freaident'a Gonoiittee on ^cientista an^l 



Engineera: 

The engineering or acientific technician ia uaually eoployed in 
(1) reaearch, deaign, or developaent; (2) production, operation, or con- 
trol; (3) inatallation, naintenance, or aalea* When serving in the firat 
of theae functional categoriea, he uaually followa a courae preacribed by a 
acientiat or engineer but may or may not work cloaely under hia direction* 

When active in the third category, he ia frequently performing a taak that 
would otherwiae have to be done by an engineer* 

In executing hia function, the acientific or engineering technician 
ia required to uae a high degree of rational thinking and to employ poat- 
aecondary-aehool mathematica and principlea of phyaical and natural acience* 

He thereby aaaumea the more routine engineering functiona neceaaary in a 
growing technologically baaed economy* He aniat effectively communicate 
acientific or engineering ideaa mathematically, graphically, and linguiatically* 
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Htiitioiitd abort ia tha naad to identt^ ^ baile araa In which tha 
tachnician ftmctiona^ i^a*, (1) raaaarchy o* daralopmaat; (2) pro- 

doction, oparation, or control; (3) inetalla^H^;; o* aailnttnanca; (4) aalaa; 
or (5) auporviaion. 

For tha purpoaaa of thia raaaarch proi^^v^ * da^inad aa 

Indiriduala whoaa prluary raaponaibilitiaa dlrtctlng^ anparrialiiSt 

coordinating and planning work and tha work 5om Mnagtra wara in a 

direct auparriaory capacity; othara wara twe^, or four atapa raaorad 

froa diract auparviaion fnnetiona* 

Procaduraa s 

T6p ntnagaaant of rapraaantatira indr^^^Lai firaM in Ariaona wara 
appriaad of tha raaaarch effort cad aakad tc ^Icipata* Full cooperation 
waa racaivad alaoat without exception* 

Participating aanagara arranged achadS^yt fo^ icitarrlawa and other 
aetiritiaa connected with tha raaaarch proja^^^, raiaarch aaaiacanta 
conducted tha najority of data gathering* vita aaat^lad» a third 

raaaarch aaaiatant tabulated tha Mtariala* of 221 taehaieiana and 

142 nanagara wara included in ha atudy* 

Managanant paraonnal wara aakad to their nott able and auc- 

caaaful tachniciana for incluaion in tha atii\^P', 

Innadiata atqparviaora and aacond lawcv]^ ^mpixvlaora of tachniciana wara 
aakad to coaplata tha Q Sort and intarviawa# ||iBte#aiful tachniciana wara 
aakad to coaplata tha Q Sort and Intarviawa^ 
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Itmm ifhieh htm been included in the Illinoie study by Sehill and 
Arnold^ were selected as tentative questions for this study* Sehill sad 
Arnold had developed a pack of 99 cards with specific infonuition concerning 
things technicians frou various specialities perforued on the Job* The 
present research effort used these ssbm 99 cards and are referred to as the 
Q Sort* During the interview, the technician or uanager was asked to sort 
the cards Into three piles* That is, the infonuition found on the card was 
either directly related to their Job, somewhat related to their Job, or not 
related to their Job* The individual being interviewed was then instructed to 
choose, from the directly related stack of cards* the three most important 
cards, and the next eight most important cards* 

A preliminary information form was constructed and sidnitted to a 
panel of Northern Arisona diversity research specialists who were familar 
with the goals of the present research effort* Eevision of this preliminary 
fora resulted* This revised fora was then submitted to a groiqp of profession! 
research workers, again revised, and once again submitted to the Northern 
Akiaona Dhlversity personnel for recommendations* The schedules were revised 
according to the principal investigators concepts of these recommendations* 
These interview schedules were then dtqplicated for use in a pilot 
plant* A complete trial use of the total research system and techniques 
was run in the pilot plant* The instruments were found to be workable* 
Certain minor modifications were made in the final instrument* 
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Ealated Studies 



Two sources were of consldersble ijqportenee in plsimiiig the present 
study* Portions of the methodology end tedmiques of the study hy Schill 
snd Arnold titled: "Curricula Content for Six Tecihnologies" were con- 

sidered appropriate for this Arizona research study* 

Among other findings, Schill and Arnold reported that the type of 
program pursued in high school was found to be related to the level of 
employment on the first Job* They also indicated that "the traditional, 
or college-directed program, with its emphasis on science and mathematics, 
is more in line with the needs of the technicians positions than is the 
occiqpationally-oriented program with its emphasis on crafts*" 

Schill and Arnold also found that the '*knowledges functionally related 
to all the (six) technologies (the core program) were found to include 
tedmical writing, engineering graphics, mathematics through trigonometry, 
and the use of test equipment*" 

A pid>lication of the U* S* Department of Health, Education and Wel- 
fare, Office of Education (OB-80015) titled: "Occupational Criteria and 

Preparatory Curriculum Patterns in Technical Education Programs" was of 
considerable value in preparing the Information forms used in the present 
study* 

Part I: The Technicians 

As shown in Table 1, the ages of technicians included in this study 
varied widely* Technicians tended to cluster around the ages between 26 
and 37* Over one-half, 115, or 52 per cent of the technicians, were in 
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this estsgory* The nesn age of the technicians was 35* 77* 

A total of 92 of the tec'micians had only a high school education* 
as revealed in Table II* yet none of the technicians interviewed could* 
by reason of age* be considered a recent high school graduate. 

The Technician 

The participating technicians and Bunagers are compared as to age 
and educational achievenent in this portion of the report. 

The inplication appears obvious: among other factors* experience 

on the Job exerts considerable influence in becoming a successful technician. 

The mean age of managers was 43.55. Seventy six managers* or 53 per 
cent clustered between the ages of 34 and 45. Hanagers below the ages of 34 
were not common. Only 19* or thirteen per cent* were in this category. 

It is of no little interest that the mean age of the managers was 
between 42 and 45 (43.55). This same age bracket represented the upper 
age group for technicians before a sharp drop in their nuDd>ers occurred. 

The educational attainment of the technicians and managers included 
in this study is of interest. Approximately five per cent of the managers 
had not completed high school. Both technicians and managers had finished 
high school at about the same rate. Of the technicians* 92* or 41 per cent 
had stopped with high school graduation* 55* or 39 per cent of the managers 
were in this group. 

The sharpest difference in educational achievement between technicians 
and managers was in attaining the baccalaureate degree. Only 15* or seven 
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TABLE I 



AGS 





Teelmleleiie 




Mniegere 


Age 


Frequenqr 


Age 


Frequency 



18 - 21 


1 


18 - 21 


0 


22 - 25 


27 


22 - 25 


3 


26 - 29 


39 


26 - 29 


4 


30-33 


37 


30-33 


12 


34-37 


39 


34 - 37 


29 


(Mean - 35.77) 








38 - 41 


28 


38 - 41 


25 


42-45 


21 


42-45 


22 






(Mean 


- 43.55) 


46-49 


14 


46-49 


17 


50-53 


8 


50 - 53 


12 


54 - 57 


8 


54 - 57 


8 


58 - 61 


0 


58 - 61 


7 


62 - 65 


1 


62 - 65 


2 


Obreported 


0 


Obreported 


1 



N * 221 



N- 142 



p«r ctnt of the tedmielans had the foot year degree; 66» or 47 per cent of 
the aaiiasera had the degree* 

Aa ahoim in Table II* 54* or 24 per cent of the technlelana had 
eoapleted the Aaaociate Science degree prograa at Jonlor colleges* Aside 
from high school graduation* this represents the single largest category 
of educational achlerement for technicians* These data also Indicate that 
two years of junior college or more uas obtained by a majority of the 
successful technicians* 

TABLE II 

HIGHEST GEADE OOMFLETED 



Grade Coepleted 


Technicians 


Kanagers 


Less than H* S* Graduate 


11 


7 


H* S* Graduate 


92 


55 


1 Year College 


29 


0 


2 Tears College (degree) 


54 


13 (degree) 


3 Tears College 


20 


0 


4 Tears College (degree) 


15 


66 


M* A* or HU S* 


0 


1 



221 



142 



Thtse data indicate that the laajority of both groups have graduated 
from hi^ school* Since 55» or 39 per cent of the managers had only a 
hi^ school diploma (and an additional 80 had continued their formal 
education), it seems reasonable to assume that high school graduates who 
acquire necessary work experience skills, and education, and who have the 
ability may be promoted to managerial •supervisory endeavors* 

From Table II, it is also readily apparent that successful technicians 
were not identified on the basis of formal education alone* Almost as many 
technicians had not completed high school (11) as had completed the 
baccalaureate degree (15)* 

Technicians come from a wide variety of family backgrounds* Using 
the occupational classification of the Bureau of the Census and the Depart- 
ment of Labor, the occupation of the technicians father's are identified in 
Table III* The greatest number of fathers were engaged in skilled work* 

TWO other groups were about equal, proprietors and managers and farm and 
farm workers* 

From the preceding data, it seems reasonable to assume that there is 
little relationship between successful technicians and the occupation of 
their fathers* One technician did not know his father's occupation* 

The great majority of technicians mothers were not employed outside 
the home, 172, or 78 per cent were in this classification* Froa Table IV, 
it is apparent that the 43 who were employed were generally employed within 
the top three categories of the occupations listed* 
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Occupations 


Number 


Per Gent 


Professional 


14 


8*33 


Proprietors and managers 


27 


12*22 


Clerical and sales 


18 


8*14 


Skilled 


84 


38*01 


Semi-skilled 


7 


3*17 


Service workers 


17 


7*69 


Ibskilled 


8 


3*63 


Faim and farm workers 


33 


14*93 


De^seased 


8 


3*62 


miitary 


4 


1*81 


Unknown 


1 


0*45 




221 


100.00 



As Table V reveals* the technicians included in this study generally 
did not follow a vocational- technical program in high school* A total of 
188* or 85*07 per cent* had not followed vocational or technical programs 
in high school* According to data found in the Summary Report of the 
Governor's Committee on Technical -Vocational Education* "Education for 
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TABLB IV 



nOCUPATIONS OF TECHNICIANS MDTHBBS 



Occupations 


Aisber 


Professional and Technical 


10 


Proprietoi'L and Managers 


6 


Clerical and Sales 


18 


Skilled 


4 


Semi-skilled 


3 


Service 


3 


Ohskilled 


1 


Farmer and farm workers 


0 


Housewife 


172 


Deceased 


4 




221 



a Changing World of Work", these figures were not unusual: 

"Total state expenditure for vocational 
training for wage-earning occupations 
in 1961-62 was $295»973 — or 2.3Z of the 
total state appropriation to Arisona high 
school* In contrast to the 6*42Z enrolled 
in training to acquire suitable skills for 
entering the labor force, approximately 80% 
of those gainfully employed in Arisona are 
employed in work that requires some kind of 
tecbnical*^ocational training* Only 10% 
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of our total uork forea art aaployad 
in profaaalonal uork that ra^raa a 
collafa aduoation; and 9«2X ara aa- 
ployad in uaaklll^ oeeupatloaa that 
raquira no foraal aduoation* Obvioualy 
SOX ara not raoaiving adaquata 
taehnical-uocafrional aduoation*"^ 

XABLI V 



♦h;i I 



:cuMB HIGH acam progbam 



Prograa 


Mbar 


Par Gant 


General Acadaaic 


95 


42*98 


Collage Preparatory 


93 


42*08 


Vocational-Technical 


31 


14*03 


H»t applicable 


2 


0*91 




221 


100*00 



In tha aaaa publication^ only 17»1529 or 24 par cant of tba total 
and of yaar high cohool anrollaont of 71»459 in 1961-62 uara enrolled in 
•oat kind of uocational-taehnical education* Theca data include 12»562 



•tudantc enrolled in Hoaaaaking* Delating theca froa tha total vocational- 
technical anrollraant raducac tha figure to 4»590 or only 4*23 per cant of 
tha total high cchool anrollaent* 

The acjority of the technicianc acquired cone Job ckillc or knou- 
ladgec at a poet high cdiool^ technical institute^ Junior college^ college 
or univercity* Of the 221 techniciancy ISS* or S3 per cent were in thic 




e«t«goV7* T«eluiicl«iit ««r« alnott •qual in ifnlecting th« type o£ In- 
•tittttlon to Attend* Geogrephic l^cetion of the Inetitution vee e 
governing criteria in deteraining the inetitution attended* 

TABLE VI 

TTFB OP F06T HIGH SCHOOL 1H8TITUIION8 WHBRB TBGHMICZANS 
ACQGIBID JOB KMDHLSDGIS AM) SKILLS 



Institution 


Maher 


Per Cent 


Technical Institute 


57 


31.15 


Junior College 


56 


30.60 


Uhiversity 


54 


29.51 


College 


16 


8.74 


183 


100.00 



Aa revealed in Table VII» the 183 technicians had taken courses in 
a variety of technical fields* Many of the 183 technicians indicated dual 
areas of study* Closely tied in with the wide-range of interests of the 
technicians was their remarks concerning their freedom to "pick and 
Choose" from an institutions offerings without being bound by formal 
program restrictions* This did not apply to those following a two or four 
year program* 

Technicians were asked to indicate courses and/or activities idiich 
were of greatest value to them on the Job* As might be expected^ areas of 
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XABU VIX 



ncHaicxiJS muca Am or stodt 



Area 


MCMber 


llectronic Tdcfanology 


74 


Engineering 


66 


Drafting Technology 


27 


Mstheaatical Science 


24 


Msdianical Technology 


21 


Business and Mensgstnt 


18 


Drafting Trades 


9 


Itachlnc Trades 


8 


Likeral Arts 


7 


Electrical Trades 


6 


Agriculture 


5 


Building Trades 


4 


Civil Technology 


4 


Data Processing 


4 


Art 


3 


Oeneral 


3 


Printing Trades 


3 


Air frsne and Power Ifidhanics 


2 


Engineer Mechanic 


2 


Industrial Arts 


2 


P^f cal 


2 


Appl^l^cu^' lispaitt) 


1 


Biol&Si'^ Science 


1 


Porei gn Trade 


1 


Bom Econcaics 


1 


Technical writing 


1 


Df»e^ Net Apply 


38 



•pAclAllMtlon •XAVttd consid#rabl6 influsncA in their reections* Beeeuse o£ 
•peciel end isolated spherM of influence, s greet many i^ividuel courses 
activities were noted* As shown in Table VIXI, ■stheaatics was listed 
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a total of 106 tlaaa* Algebra waa noted 13 tinea* Trigononetry 10 tinea* and 
Calevliia 6 tinea. Together theae total 135. In addition* nathenatiea oriented 
phyaieal acieneea nere naned 47 tinea; Fhyaiea vaa liated 32 tinea and 
Chemiatry 15 tinea. 

Fron the preceding data* it aeena reaaonable to aaaune that nathenatiea 
and the phyaieal acieneea fom the nuelena of eonraea which are conaidered 
to be of greateat value to teehnieiana on the Job. It ia of aone note that 
Drafting and Engliah were aubjeeta other than nathenatiea and the phyaieal 
acieneea which were frequently nentioned. 

Teehnieiana were naked to indicate couraea or aetivitiea which were 
of loweat value to then on the Job. Social Seieneea* Hiatory and Stnanitiea 
were noat frequently nentioned aa having little value on the Job. Aa revealed 
by Tablea VIII and IX* a certain anount of apill-over waa noted by the 
teehnieiana* that ia caruin couraea appeared on both liata. 

Teehnieiana were naked to indicate both couraea and aetivitiea 
which were of greateat and leant value to then on the Job. Ibne of the 
teehnieiana liated "aetivitiea" aa aueh. 

Of the 221 toehnielana included in thia atudy* 54* or 24 per cent 
were preaently enrolled in couraea to upgrade their technieal baekgrounda. 
Sixteen of theae were actively porauing varioua degree prograna on a 
part-tine baaia* Aaide fron theae 16* the aingle largeat group of tech- 
niciana were enrolled in electricity-electronica couraea. Aa indicated 
in Table X* the couraea covered a wide variety of aubjeeta. 




15 



XABIS Till 



JUNIOR OOLUGI OR UNIVIRRrXT 000 R 818 OR ACIITITI18 
VHICH BRTl FROVISI TO B8 OT CMUTR8T TiLUl ONTHB JOB 



Course or Activity 




taber 


Mstheastics 




106 


Drafting 






Physics 




32 


Inglish 




25 


Basic Blectronics 




23 


Cheaistry 




15 


Algebra 




13 


Circuit Analysis 




10 


* 

Trigonoaetry 




10 


Mnie of specific value 




10 




Sub-Total 


292 


Miscellaaeous (less than 1C) 




93 




Total 


385 



Tbos« technicl«iis irtio irar« aetivtly •ngagad in pursoing « d«gre« 
progm gtnerally <qttlte verbal In describing their goels* Without 
question these technicians vers expressing their ewsreness of the preni 
end prestige which industry pieces on the becoileiireete degree* 



tmM n 



j0MXot cmum ot vsznniTf ocman w icn^iins 
mum H4VI io u or um, vaub ov thl tob 



Courte or ActlTltj taber 

Social Seiaaeaa 18 

History 16 

Honanitiaa 9 

Ghoaiatry 6 

ForaigQ Langoagaa 6 

Art 4 

All Couraea 4 

Drafting 4 

Bconoaiea 4 

Engliah 4 

Snb-Total 75 

Miseellanaoiia (lesa than 4) 41 _ 

Idtal 116 



In view of tba fact that the oiajoritj of the interviewa ware 
conducted during the auoner nontha» the nuabera of techniciana currently 
enrolled in all upgrading couraea aay be c^oaidared quite high* Since 
intentiona are difficult if not iapoaaible to aaaaure* no fotaal record 
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VM obtaiiMd of thoto intoa^iag to oaroll in the fall* Fron oboervatloso, 
howovor^ the flgoro ia llkaly to bt graatar during tha acadanie yaar than for 
thoa^v innroI?ad during tha aunaar* 

TABU X 

PS06SAMB OR COORSXi IV WHICH TBCHMICIANS WBIB 
CaUBVILT SVKHXSD 



Progran or Gouraa 




V»d>er 


Degree Progran 




16 


Electronic Engineering 


7 




Civil Engineering 


5 




Engliah 


1 




Induatrial Engineering 


1 




Teaching (technical) 


1 




Phyaica 


1 




ElectricityElectronica 




12 


Correapondence (unapecified) 




10 


Hathenatica 




8 


Mlacellaneoua 




8 

54 



Tachnieiana uara aakad to indieata education or training they had 
ae^rad ether than Junior collage or univaraity preparation. Aa night 
be expected, a wide variety of education, preparation and training vaa 
reported. Kilitary achooling and training led the liat with 114 or the 221 
tachnieiana, or 52 per cant have bean involved in thia kind of preparation. 



10 









TAILS n 



BDOCAnON A» TIAI1IIN6 OP HGBIIXCZAMB 
OTHBK TBAH JQIIZOR OOLLIOl OK UnVBKSITT 



Type of Preparation 


Moadder 


Military Schools 


llA 


Formal on the Job Training 


104 


In-plant Training 


85 


Correspondence Courses 


81 


Vocational Schools 


37 


Private Institutions 


33 


Apprenticeship 


27 


Other 


24 




Total 505 



As rsveslsA iu T«bl« ZI9 pri'^ste industry is ouch involved in 
training eoployees* Of the 221 technicians in this study, 189, or 
86 per cent indicated that they had received sons fomal on the Job 
training or in-plant training* Frou Table XI, it is obvious that 00 m 
technicians received more than one kind of preparation* 

It seems reasonable to assume that most successful technicians will 
have one or more of these kinds of experiences in their background* 

Technicians were asked to provide information concerning employers 
policies concerning payment of tuition for technicians to attend upgrading 
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courses 9 end whether employers permitted technicisns time off to sttend 
such desses* As shown by Teble XII, the majority of the companies were 
willing to pay for technicians tuition while attending upgrading classes 9 
but were largely unwilling to grant time off for employers to attend 

classes* 

TAI^TJg XII 

SMFLOYBBS F0LIG12S ODim^NS PAYMBNI OF TUITION 
FOR UF6RADIN8 OOORSBS AND/OR TIMB-OFF FOR GLASS ATTBNDANGB 





Technicians 
Companies who 
Pav Tuition 


Technicians 
Companies who 
Grant Time Off 


Yes 


181 


81 


No 


35 


139 


Uhknown 


5 


1 


221 


221 



Table XII is not a record of 221 companies9 but the report of 221 
technicians employed by the 17 participating companies* From Table XII 9 
it seems reasonable to assume that Arizona industrial concerns are quite 
willing to pMy technicians tuition while they attend tqi>grading courses* 

Since it would have been beyond the scope of this study to seek out 
specific hi^ school records of the technicians included in this study — 
and since it also seemed appropriate to have some indication of their 
ability to achieve — technicians were asked to indicate their rank in 
their hi^ school graduating class* Insofar as these answers are valid9 




20 



«nd insofar as rank in high school graduating class is an indication of 
ability to achieve^ Tabla XlIZ represents the range of ability to achieve 
of the technicians included in this study* 

As revealed by Table XXII, the aajority of the technicians uere in 
the upper half of their graduating class* Eighty per cent» or IZV^ were 
in this category* Only one tedmician did not know where he ranked within 
a quartile* 

It seems reasonable to assume that ability to achieve is a prime 
requisite for successful technicisns* Very few technicians indicated they 
were in the lower half of their graduating classes* 

Technicians were asked idiether the high schools from which they 
graduated offered vocational-technical education which cou1 d_ have pre- 
pared them for their present tedmical Jobs, and further, whether they 
enrolled la such courses or programs* 

As indicated by Table XIV, only 73, or 33*03 per cent of the 
technicians attended high schools where vocational-technical programs 
were available, (These are exclusive of iu^'^trial arts programs taught 
for general education purposes*), while 55, cv per cent of the 221 

technicians had actually enrolled in vc'cation 4 ll-tecbi^ioi(l courisies* A 
total of 55, or 75*34 per cent of the 73 technicians who had vocat.ional- 
technical courses available to them had enrolled in them* 

From Table V, it will be noted that only 31, or 14*03 per cent of 
the technicians Included in this study indicated that they enrolled in 



o 
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TABLE mi 



SANK IN HIGH SCHOOL GBADOATING GLASS 
(ABIUTT TO ACHIEVE) 



Rank 


lAanber 


Per Gent 


76 - 100 


99 


44*80 


SI - 75 


78 


35*29 


26-50 


28 


12*67 


0-25 


2 


0*91 


OBD 


2 


0*91 


Did not graduate 


11 


4*97 


Htaknown 


1 


0*45 




221 


100*00 



▼ocational-teelmieal programs* IWanty four other technicians had enrolled 
in such courses without having vocational-technical education listed as a 
program of studies* 



Table XV shows that electricity-electronics and drafting-design 
programs were most often taken by the technicians in this study* 

As might be expected, the 55 teCk. . :;ians had, in some instances, 
enrolled in more than one vocational-technical area* 

Technicians were asked to indicate the sise of the community they 
lived in when they attended high school* Table XVI reveals that the 
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TABLE XIV 



hLiih SCHOOLS OFFBRING VOCATIONAL-TECHNICAL 
EDUCATION AND TECHNICIANS ENR0LLIN8 IN THEN 



High School with Technicians who 



Vocational -Technical enrolled in High School 

Couraea in their Vocational -Technical 

Technical Area Prograna or Couraea 





Number 


Per Cent 


Number 


Per Cent 


Yea 


73 


33*03 


55 


14*89 


No 


146 


66*06 


164 


74*20 


Unknown or doea 
not apply 


2 


0*91 


2 


0*91 


221 


100*00 


221 


100*00 



najority of the techniciana included in thia atudy came from email commmitiea 
of lOyOOO or leaa* It ia poaaible that amaller conmunitiea are not in a atrong 
poaitiofi to offer high quality, multiple-area vocationll education* Thia 
may well account for aome of the data revealed in Tablea XIV and XV* 

Techniciana were aaked to indicate the age at which they decided to 
work in the general area in which they were employed* Table XVII ia a 
record of theae data* 

Aa ahown by Table XVII, the majority of the techniciana decided to 
enter their preaent technical field between the agea of 16 and 25* A total 
of 157, or 71*04 per cent were in thia category* Theae agea coincide with 
e^rly high achool yeara through the yeara when youth and young men are aeeking 
initial Joba and moving within their organiaationa* 
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TABLE Vr 



HIGH SCHOOL VOCATIONAL-TECHNICAL PROGBAK5 AND 
COURSES ENROLLED IN BY TECHNICIANS 



Prograos/Courses Nianber 

Electrlcity-Electronict 23 

Drafting-Design 14 

General Industrial 10 

Machine Shop 8 

Carpentry-cabinet making 4 

Auto mechanics 3 

Miscellaneous (lass than 13) 11 

73 



Technicians were asked to list previous occupations or Jobs they 
had held whidi enabled them to qualify for their present technical Job* 
Fifty nine, or 26*69 per cent of the 221 technicians did not answer this 
question* It seems reasonable to assume that these 59 either had no 
previous work experience, the work experience they had was totally un- 
related to their present assignment, or they had begun work directly out 
of an educational institution* As shown in Table XVIII, experience in the 
broad field of electricity-electronics led the list of previous occupations 
or Jobs which helped technicians qualify for the present position held* 



TABL8 m 



SIZE OF OOMIDNITY 



Size Nunber 



A* 


0 • 10,000 


77 


B* 


10,000 • 20,000 


31 


C* 


20,000 • 30,000 


7 


D* 


30,000 • 40,000 


11 


B* 


40,000 - 50,000 


3 


F* 


50,000 - 60,000 


11 


Go 


60,000 > 70,000 


8 


H* 


70,000 - 80,000 


3 


1* 


80,000 • 90,000 


1 


J* 


90,000 - 100,000 


3 


X* 


100,000 and ov«r 


66 



221 



The technieieiie irere eeked to Indicate the length of the previous 
work experience which enabled them to qualify for their present position* 
Data included in Table XIX indicated that the majority of technicians had 
from one to four years experience in the process of preparing for the 
present position* In view of the ages of the technicians reported in 
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TABLE mi 



AGE OiF TECHNICIANB WHEN DECISION HADE 
TO ENTER PRESENT TECHNICAL FIEI^ 



Age 


Nuoiber 


Per Cent 


15 or under 


24 


10.86 


16 to 20 


85 


38.46 


21 to 25 


72 


32.58 


26 to 30 


24 


10.86 


Over 30 


16 

221 


7.24 

100.00 




TABLE mil 





PREVIOUS OCCUPATIONS OR JOBS WHICH HELPED 
TECHNICIANS QUAUFY FOR PRESENT POSITIONS 



0cciq;>ition8 


Nuciber 


Electricity-Electronics 


83 


Drafting and Design 


33 


Electronics Technicians 


29 


HLlitary (General) 


28 


General Industrial Experience 


7 


None 


59 



Mlscellaiieouft 
N (Teclmicifliis) -> 162 



N (Experience) *327 



147 



Table I, and the near average of two such work experiences reveal.ed in 
Table XVIII, these relatively brief work experiences seems accurate* 

Technicians were asked how long they had been with their present 
employer* From Table XX» it is apparent that the majority hove been with 
their present employer from one to nine years* A total of 142 » or 64*25 per 
cent of the technicians were in this category* 

From Table ZZI» it is obvious that many technicians viewed their 
Jobs in a vary broad sense* The 221 technicians listed 496 activities 
descriptive of their work* Cesearch and developiaent was most frequently 
indicated, followed by Testing* Only one technician indicated "Sales" 
as a part of his activities* 

Technicians were asked to describe the most important things they 
were required to know in order to do their jobs* Data presented in 
Table ZZII have been grouped for tabulating convenience* The sequence 
of criteria previoiisly noted is once again present? Electricityelectronics, 
mathematics and drafting* 

After the technicians had given an indication of the most important 
things they were required to know in order to do their jobs, they were 
asked where they had acquired the knowledge* An amasing 207, or 93*67 per 
cent of the 221 technicians indicated that on the lob training as the place 
(and way) they acquired the knowledge necessary to do their job* 

As shown in Table ZXIII, the 221 technicians listed 469 specific 
sources where they acquired their technical knowledge, or slightly over two 




26 



TABLE XIX 



ISNSTR CF SIGNIFICANT OUALIFTING 
WORK EXPERIBNOBS FOR PRESENT POSITION 



Length of Time (Tears) 


Number 


Less than I year 


17 


1 


43 


2 


41 


3 


34 


4 


37 


5 


19 


6 


16 


7 


10 


8 


12 


9 


5 


10 


9 


Over 10 


21 




266 
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TABLE ZE 



ZJBNGTH 01' TIME WITH COSEEIIT EMPLOYER 



Niii&er of Years Nwiber Per Gent 

Less than 1 20 9*04 

i to 3 55 24.89 

4 to 6 33 14.93 

7 to 9 54 24.43 

10 to 12 26 11.76 

13 to 15 17 7.69 

16 to 18 8 3.62 

19 to 21 6 2.70 

Over 21 2 0.94 

221 100.00 



sources per technician. After on the job training, non-military schools, 
institutions and the like were the next most frequently mentioned sources. 

After technicians had indicated what they were required to know 
in order to do their Job, and where they had obtained the knowledge, they 
were asked to list the most important things they were required to on 
their Jobs. Once again, mathematics, electricity-electronics ano drafting 
led the list—in these cases the application of the concepts to their Jdbs 
was indicated. 
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TABLE m 

ACnVlTIES WHICH BEST DESCRIBE lEGHHICIAKS 
ACTIVITIES ON THE JOB 

Activities Nund>er 

A« Research^ design or development 144 

B« Production or operation 60 

C« Installation or maintenance 71 

D« Inspection or control 54 

E« Sales 1 

F« Supervision 46 

6* Testing 1^6 

H« Other 2 

496 
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TABLE m i 



MOST IMFORXAMI ITEMS TECHEIGIAMS ABE BEQOIBED TO 
KNOW IN ORDER TO DO THEIR JOBS 

Job Kurarledge Nn^r 

Electriel^ «nd Electronics 167 

Mathenstlcs and Itetdienuitics Principles 112 

Dsaftingy sketching, reading prints 79 

Mechanical knowledge 63 

(know your way around) 

Testing and test equipnent 59 

Technical report writing and English 37 

Tools 23 

Materials 20 

Business pri?«ciple8 and practices 19 

Physics 17 

Cooputer and Data Processing 13 

Shop Procedures 13 

Getting along with others II 

Chealstry 10 

Goopany policies 7 

How to analyze a problem plus organization 7 

Instrumentation 6 

MLscellaneous 113 



TCtal: 



776 



TABLE mil 



WEBBS TBCHNIGIAKS OBTAINED TECHNICAL KNOWLEDGE 
NEEDED TO DO THEIR JOBS 



Source 


NuDBber 


On«the«Job Training 


207 


Schools 


167 


Nilitary Schools 


59 


Correspondence 


8 


Self-taught 


8 


In-plant Training 


5 


Hobbies 


4 


Miscellaneous 


7 




469 



As shown in Table RXIV 9 the Job skills of the technicians were 
quite varied* The variety of skills largely represent the different types 
of technicians included in this study* 



The 221 technicians listed a total of 721 specific "doing" itens 
which they considered to be of greatest importance to their Jobs* Generally » 
each technician listed three such skill requirements* 
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Technicianc were also asked where they had acquired the skills they 
had listed as being of primary importance on their Jobs. Once again, a 
majority listed "on the Job training" as one of theas sources. Table XXV 
is a complete record of the technicians responses to this question. As 
revealed in Table XXVI, 213, or 96.38 per cent of the technicians included 
in this study listed "on the job training" as one of the most iiqportant 
sources for acquiring Job skills. Public schools including seconds'^, 
vocational •technical institutes. Junior colleges and college«universities 
were the next most frequently mentioned sources. 

It seems reasonable to conclude that any well-develcped tschnician 
educational program should include provision for experiences that are 
needed on the Job. 

From Table XXV, it also seems reasonable to conclude that schools, 
both public and military, are planning for technicians to acquire useful 
skills. 

The technicians were asked to indicate what characteristics a 
successful technician should have. From Table XXVI, it can be noted 
that technicians list "the ability to get along with others" as one 
of their most outstanding traits. A total of 205, or 92.76 per cent 
of the 221 listed this characteristic. From thase data, it seems reason* 

Able to assume that schools which prepare technical people for enq>loyment 
should seek ways and means of making their students aware of personal social 
traits necessary to be successful on the Job. This is all the more imperative 




32 



nhtn on« considtrs that tha tingle reason more workers lose their Job is 
their inability to get along with others* 

TABLE mV 

MDST IMPORTANT SKILLS TBCHMICIANS REQUIRED 
TO HAVE IN ORDER TO DO THEIR JOBS 



ItsB NuBd>er 



Application or use of: 

Principles of ElactricityElectronics 158 

Principles of Drafting, design and layout 88 

Principles of Mstheoatics 79 

Test Equipaent ^2 

writing a Technical Report: Engllih 37 

Mechanical Ability 23 

Tools 21 

Goaputers, including computer aaintanance 20 

Msintanance of Equipment 15 

Msterial Eyaluation 
Operate automatic Michines 

Mschine Shop Equipment 13 

Test specifications; check products 13 

Business procedures 

Instructing New Men 3 

Surveying Skills ^ 

Calibration of Instruments 7 

Accurate Measuring 7 

Business Machines ^ 

Miscellaneous (less than 5) 



721 



TABLE XXV 



WHERE TECHNIGIAIIS ACQUIRED IMPORTANT JOB SKILLS 



Source 


Number 


On-the-Job TrAining 


213 


Schools* public 


163 


Military schools 


58 


Correspondence courses 


8 


In-plant schooling 


8 


Private schools 


6 


Self-taught 


5 


Miscellaneous 


8 




469 



Ttdinielaiit ware asked to indioata whathar they belonged to pro- 
faaslonal organlaationa connected with their work* An ovendielning 
■ajority* 187» or 84*62 per eent» of the techniciana anavared no to this 
fuaation* Thirty four belonged to varioua organlaationa » typically aaao- 
dated with their area of apecialty* 

Tedmiciana were aaked whether they were registered* certified or 
licensed in relation to their work* Of the 221* 148 or 66*97 per cent 
were nct» As shown in Table XXVII* of the remaining 73 with some sort of 
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TABLE Xm 



PERSONAL-SOCIAL TRAITS NEEDED 
BY SUIXXSSFUL TECHNICIANS 



C3ti«r«cterlttic or Trail: Nooikor 



Ability to got along with othora 205 
Pationco 75 
Prido in job» dedication 66 
Ability to follow through on a Job 57 
Abili^ to azpreaa onoaolfy orally and verbally 43 
Have Initiative 29 
Good Peraonality 15 
Ntatneaa and aeevraey 15 
Willingneaa to continue to learn 12 
Be Infuiaitive 11 
Ability to concentrate 10 
Ability to take conatructive criticiam 9 
Adaptable 7 
Even tenpered 7 
Awareneaa of Public Relatione 6 
Ability to plan and organiae work 6 
Honeaty and Integrity 5 
Ability to work with ninionn auperviaion 4 
Enotionally atable 4 
Peraarverance 4 
Sanaa of Honor 4 
Niacellaneoua (leaa than 4) 27 

627 



regiatration and the like» 58 or 79*45 per cent had varioua claaaea of 
F*C»C* conmonicationa licenaea* The remaining 15 were q[uite varied^ 
ranging from one regia tered with an engineering techniciana aaaociation 
to one with a atate welding certificate* 
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TABLE Xmi 



REGISTRATION, CERTIFICATION', OR LICENSES HELD 

BY TECHNICI^.'^J 



Glassification 




Per Gent 




None 


148 


66.97 




F.G.C. (all classes) 


58 


26.24 




Wseellaneous 


15 


6.79 





221 100.00 



From th« preceding dete, it eeenie reeconeble to essiae that tedmiciene 
t]rpicell 7 ere not required to either belong to e profeeeionel orgeniietion 
or be registered, certified or licensed es e condition of their enployiient. 

Technicians were asked whether hobbies had made an contribution to 
success on their present job. A total of 95, or 42.99 per cent of the 
teeksicians Indicated that hobbies did not contribute to any success on 
their jobs. 

As repealed in Table xmil, a total of 91 hobbies in the broad 
field of electricity-electronics were noted. These hobbies ranged from 
ban radio to high fidelity and stereo sets. As might be anticipated, most 
hobbies listed involved "hardware” and "active participation" on the part 
of the technicians. 

From Table X3CVIII, it is obvious that 126 technicians listed 268 
hobbies as lending contributions to success on their jobs. These figures 

36 
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vcvld Imd er«d«ne« tc th« btlitf th-t thM« ttchnleians hmvm ytdm ranging 
intaratts* K totei of 95, or 43*00 par cant of tha tachnieiana a*ld thair 

hobbiaa did cst help than on tha Job. 

Thara la littla avidanca that hobbiaa contributa to auccaaa on tha 
Job of tachnieiana in ganaral* It ia raaaonabla to aaaoaa that alactronica 
tachnieiana imrolva work akilla on thair hobbiaa » or thay will naa hobby 
akilla on thair Joba* 

TABLE zmil 

HOBBIES WHICH OONTRIBUTEO TO SUCCESS ON 
THE JOB FOR THE lECHNXCIAMS 



Hobby Araa 


Nuabar 


No contribution 


95 


Elactricityalactroniea 


91 


Photography 


11 


Art 


9 


Hadal Building 


d 


Radio*controllad laodala 


4 


Niacallanaoua (laaa than 4) 


50 




268 
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T«chnlci«n* vert •ike'*, to Hit ell their full-tine vork experience* 
SuBBtr enploynent vhile going to school » or pert-tine Jobs vere not con- 
sidered* The vork experience of the technicisns rsn5-<r^ fron fsming to 
alsctricsl engineering* The 221 technicisns listed 811 full- tine Jobs^ 
or sn sversge of 3*67 Jobs per person* As shovn in Tsble XXIX, nore tech- 
nicisns hsd two or three full-tine Jobs then sny other* A totsl of 107, 
or 48*41 per cent vere in this category* 

The length of tine, in years, of the full-tine Jobs is of considerable 
interest* As revesled in Table XXX, there is a considerable anount of Job 
changing on the part of technicians* A total of 600, or 73*98 per cent 
of 811 reported full-tins Jobs vere of four years duration or less* Fron 
the enploynent pattern indicated in the infomation foms, technicians 
generally tend to rennin on their Jobs ^fter the fourth yaar, and once they 
have been on the Job ten yaars, thay apparantly tand to renain* 

Sona technicians are union nenbers* During labor cutbacks, layoff 
is by seniority vith conpany, not total tine in occupation or capability* 

This nay be a contributiiig factor in Job-changing statistics* 

lb effort vas uade in this study to determine the nwiber of Job 
separations vhicli vere> voluntary and which vere involuntary* This could 
veil be a study Which should be nsde in relationship to the presence or 
absanca of vocational- technical education* 

Technicians vere asked to describe the education or training that 
an individual should have if he vere to prepare for the technicians present 
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TABLE Xm 



FULL-TIME JOBS HELD BY TECHNICIANB 



Niidnr of Jobs 


Nudnr of Technicians 


Total Jobs 


1 


14 


14 


2 


52 


104 


3 


55 


165 


4 


39 


156 


5 


29 


145 


6 


9 


54 


7 


11 


77 


8 


12 


96 




221 


811 



Job* Technicianii answers were largely related to their own specialty area* 
SoHM technicians not only indicated courses and subject natter^ but also 
length of time for each* For purposes of this study, as shown in Table XXXI, 
answers were grouped when considered appropriate* 

The 221 technicians recoonended a total of 750 courses or programs* 

One of the most significant aspects of this table is the nuniber of tech- 
nicians who recoonended both four and two year degree programs* Precisely 
100, or 45*25 per cent of the technicians indicated that a four year degree 
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TABLE m 



TIME-LEIiCrH OF TBGHK1CIAN5 JOBS 



o 

^ERIC 

■h»_ 



Tim (Tears) 


Itanber 


Per Gent 
(of 811) 


Lets then 1 year 


105 


12.94 


1-2 


314 


38.72 


3-4 


101 


22.32 


5-6 


52 


6.41 


CO 

1 


56 


6.91 


9-10 


25 


3.08 


Over 10 


78 


9.62 




811 


100.00 



40 



TABLE mi 



TECHNICIA2CS RBOOMMEMDATIONS 
FOR BEST JOB PREPARATIOH 



Preparation 


Niiiber 




Matheeatica (couraea) 


133 




Technical Schoola 


125 




Junior Oollege (tiio yeara) 


82 




B.A. Degree 


51 




E^ineering Degree 


49 




Phyaica (couraea) 


40 




Vocational-trade Sdioola 


33 




Drafting and deaign (couraea) 


32 




Electricity-electronica (couraea) 


32 




On the job Training 


28 




Technical Report Writing and 






Buaineaa Engliah 


27 




Cheaiatry (couraea) 


23 




Buaineaa Couraea 


11 




Apprenticeahip 


10 




Science 


9 




Surveying 


8 




Miaeellaneoua (leaa than 8) 


57 






750 





An additional 82 » or 37.10 par cent, indicated that a jvnior collage 
aacociata degree waa the beat preparation for their job. 

Mathematica couraea (all kinda) once again led the liat of 
characteriatica indicated by techniciana in thia caae aa the beat pre- 
paration for their Joba. 

Techniciana were aaked to indicate ^ihat they expected to be doing 
ten years fron now. One hundred thirty one of the 221 tecfani^jianiy or 




41 



59*27 p«r canty said they intended to renaln in their present eras of 

speeislisation* Of these 131 » 80 indicated that they also expected to be 

in supervision* A total of 43y or 19*46 per cent of the technicians expected 

to obtain an engineering degree* As indicated in Table XXZIIy a few 

technicians feld that they uould remain at the same occupational level* 

As a final part of the researchy technicians mere given a deck of 

99 cards vith a wide variety of technical activity or information (from 

2 

Schill and Arnold) recorded on them* Each technician first sorted the 

99 cards into three groups* These three groups were defined as follows: 

1* directly related to what the 
tedhnician does on the job* 

2* somewhat related to idiat the 
technician does on the job* 

3* not related to what the tech- 
nician does on the job* 

After these data were notedy the technicians were then asked to put 
in rank order only the cards sorted into Group ly those directly related 
to their jobs* From the cards in Group ly technicians chose the three 
most importanty the five next most importanty the eight next most i^portanty 
and so on* Table XXXIII is a record of the technicians preliminary sort — 
cards placed in either of groins one or two* 

From Table XXXlIIy only three cards were selected by over one-half the 
technicians as **directly related’’ to their work* These were cards 12 y 17 and 

2 

See Appendix C for a complete list of the cards* 



er|c 
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TABLE mil 



OCCOPATIONAL EXPECTATIONS IN TEN TEARS 



Occupational Expectation 


NuBd>er 


Per Cent 


Same thing 


51 


23*07 


Same area, supervisory 


80 


36*20 


Complete engineering degree 


43 


19*46 


Office work (as opposed to field) 


9 


4*07 


Be in technical business for himself 


8 


3.62 


Teacher, vocational 


8 


3*62 


Nlscellanaous 


22 


9*96 




221 


100*00 



and 65 with 113, or 51*13 par cant, 138, or 62*44 per cent and 125, or 56*56 
per cent raepeetively: These cards contain the following data: 

Card No* 12 — • Gouloodi's Law and the basic concepts 

of electrostatics, direct and alter- 
nating current theory, oagnetlsm, 
electro-magetlsm. Ampere s Law, 
oscillator circuits, and L'c and R^e 
circuits* 

Card No* 17 — Use of simple test equipment* Theory 

and application of coomerclal test 
equipment, treble analysis, and test 
and alignment methods and practices* 

Card No* 65 — Prtaparatlon of block diagrams, schematics, 

and layouts using standard conventions* 
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TABLE XXXIII 



CARDS SELECTED BT TECHNICIANS: GROUPS ONE AND TmO 



Card 


Group 


1 Group 2 




Group 


1 Group 2 




Group 


1 Group 2 




Sonaidiat 


Card 




Somewhat 


Card 




Somauhat 


No. 


Ralated Relatad 


No. 


Ralatad Relatad 


No. 


Related Related 


1 


70 


94 


34 


17 


71 


67 


66 


78 


2 


1 


3 


35 


37 


45 


68 


29 


73 


3 


67 


103 


36 


13 


54 


69 


42 


77 


4 


29 


46 


37 


30 


38 


70 


25 


51 


5 


2 


4 


38 


45 


66 


71 


82 


46 


6 


16 


45 


39 


4 


16 


72 


48 


49 


7 


11 


42 


40 


8 


24 


73 


39 


52 


8 


89 


38 


41 


22 


67 


74 


1 


2 


9 


0 


4 


42 


27 


54 


75 


50 


77 


10 


0 


5 


43 


6 


14 


76 


30 


53 


11 


4 


15 


44 


44 


71 


77 


78 


71 


12 


113 


34 


45 


6 


17 


78 


0 


4 


13 


1 


1 


46 


19 


95 


79 


58 


67 


14 


0 


5 


47 


63 


59 


80 


27 


71 


15 


0 


4 


48 


26 


49 


81 


6 


50 


16 


0 


6 


49 


15 


81 


82 


10 


36 


17 


138 


40 


50 


8 


59 


83 


6 


31 


18 


82 


44 


51 


101 


90 


84 


16 


73 


19 


5 


17 


52 


71 


110 


85 


9 


32 


20 


3 


28 


53 


98 


91 


86 


4 


22 


21 


10 


31 


54 


12 


60 


87 


0 


1 


22 


10 


41 


55 


5 


42 


88 


2 


13 


23 


20 


72 


56 


32 


90 


89 


23 


75 


24 


11 


49 


57 


102 


29 


90 


17 


53 


25 


7 


38 


58 


27 


85 


91 


8 


40 


26 


18 


79 


59 


16 


78 


92 


15 


39 


27 


14 


85 


60 


27 


73 


93 


30 


78 


28 


24 


75 


61 


55 


68 


94 


4 


36 


29 


25 


45 


62 


0 


4 


95 


13 


57 


30 


42 


72 


63 


44 


44 


96 


1 


7 


31 


9 


60 


64 


22 


41 


97 


1 


14 


32 


8 


29 


65 


125 


53 


98 


83 


68 


33 


22 


43 


66 


64 


80 


99 


12 


36 
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At Bight bt txptettd, tLatt ctrdt tls^ foratd ont of • ptrtntrthip 
irith ctrdt froa group 2, "toottluit rtltttd" ttltettd hy tht ttchnicltnt in 
large niadbort* Whan thata two gronpt art coabinady eardt 12, 17» 51» 
52p 53f 65» 67f and 77 yield high nuaarical and parcantaga faetort* Table 
XSQCIV it a record of thata naabart and parcantagat* 

Thata eardt contain tha following datas 

Card Ho. 1 —Technical and teiantifie oral and written 
comnication including butinatt fomty 
raporttf aaphatiiing tha different typat 
of butinatt lattart* Tachniqoat of collec- 
ting and pratantlng teiantifie data* In- 
formal rapertt and foraal raportt; tpaeial 
typat of technical papart* 

Card N6* 3 — NoaericAl control » data proeattingy inter- 
pretation of engineering drawinga» depic- 
tion of data by atnuteripty ai ni aua diaan- 
tiont and uta of foraalaa, left data, trant- 
lation, prograaaingy and quality control* 

Card No* 51 — Trigonoaatric functiont and fundaaantal 

foraulaa* Logarithaa and aolutiont of tri- 
anglety identitiea and aquationt* Trigono- 
aetry from ration » right trianglat» and 
identitiaa^ through vactort and grapht of 
trigonoaatric functiont* 

Card No* 53 —Metric ayatea and tquare root; gaoaatry from 
plane figuret to geometric tolidt; algebra 
from operationt with tigned nund>ert through 
algebraic exprettlonty equations » special 
products 9 factoring and fractional equations 
and siaultaneoua equations* 

Card No* 65 —Preparation of block diagraat» tcheaatict» 
and layouts using standard oonuentions* 
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Card Mb. 67 ProJ action and graphic rapraaentation: naa 

of inctmaentay lattarlng^ appllad gaoaatry^ 
dlmenaionlngy aactionsy convantlona (a.g.^ 
waldingy pipa» alactronic)» aiociliary viawa, 
acraw thraada» caaa» gaara» thaory of par- 
apactiva» praparatlon of working and aaaanbly 
drawlnga* 

Card No. 77 — Tha uaa of laeaauring agnipnant in a ayatam 

to neaavra or control tha ayataa; auch aa 
thamocoi]plaa» attain gaogaa» praaavra trana- 
dncara and warioua currant or voltaga picktpa. 
Accuracy inharant in altamata nathoda of 
miaurament. Hathoda of tranacribing or 
indicating inaaaurad valuaa» or of oaing oMa- 
aurad quantitiaa to control tha ayataw. 



It aaaaa raaaonabla to aaauna that thaaa carda rapraaant kay aubjact 
aattar araaa for tachniciana in ganaral. It alao aaaaa raaaonabla to 
aaauaa that carda auch aa 9» 10» 13 and 62 and tha lika rapraaant araaa 
of no concam to tachniciana in general , 

a 

After tachniciana had identified carda which ware directly related 
and aonawhat related to their work» they ware aakad to put tha carda from 
tha directly related group in rank order. Thia rank order inuolvad 
identifying tha three moat important carda» tha next fiwa moat important, 
tha next eight moat important; twelve and fourteen. Bacauaa of tha email 
numbara involved, twelve and fourteen rank-ordara are not included in 
thia report. 

Table XXXV la a record of thaaa rank-ordara aa aalaetad by tha 

221 tachniciana. Data praaantad in Table XXXV must be interpreted in tha 

¥ 

light of material praaantad in Tables XXXIII and XXXIV. For axaa^la. 
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TABLE ZXm 

CARDS PROM GROUPS ONE AMD TNO WITH 
HIGH HONBRIGAL AM) PERGBHEAGB FACTORS 



Card 


Mbar Saltetad 
(GrouDS 1 and 2) 


ParcMntag* 
( of 221) 


1 


164 


74.21 


3 


170 


76.92 


12 


147 


66.52 


17 


178 


80.54 


51 


191 


86.43 


52 


181 


81.90 


53 


189 


85.52 


65 


178 


80.54 


67 


145 


65.61 


77 


149 


67.42 
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BAIR ORDER OP CARDS GORSIDERED TO BE 
OF MOST IMPORTANT BT TECHNICIAMS 



froB Tabl« XXXIII9 card naber 8 was aalaetad by 89 of tha 221 tachniciaiia 
aa baing diraetly ralatad to thair Jobs* Froa Tabla XXXV it is nr^tad that 
86 of tha 89 had placad card nuobar 8 in tha thraa raportad catagorias* 
Itethar inapaetion ravaals that tha majority — 50 — of tha 89 taehnielans 
placad this card in tha fiva most important group* 

Aftar tha raadar has found spacific araas of tachnieal Icnowladga 
and ^or skills from Appandix G in which he is primarily intarastad, attention 
should be diractad to those cards included in Tabla XXXIV as they relate 
to dau presented in Table XXXV* Tabla XXXVI is a record of these data* 

In addition to those cards which had previously been identified 
as having a high numerical and par cmat factor (Tabla XXXIV) tha following 
cards appear to have a high selection factor insofar as nusibars of 
technicians who included them in tha diractly-ralatad to Job category and 
"most important" insofar as rank order is concamado 

Card 57, salactad by 131 technicians; ranked within tha 3, 5, and 
8 most important by 97, or 74*05 par cent of the 131 t chnicians* Card 
65, selected by 178 technicians; ranked within tha 3, 5, and 8 most im- 
portant by 120^ or 67*42 par cant of the 178 technicians* Card 71, 
selected by 128 tadinieians; ranked within tha 3, 5 and 8 most important 
by 77, or 60*16 par cant of tha 128 technicians* Card 98, selected by 
151 of the technicians; ranked within tha 3, 5 and 8 most important by 
74, or 49*01 par cent of the technicians* 
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TABLE XXm 

RANK ORDER OF CARDS INGL10ED IN TABLE XXm SELECTED AS DIRECTLY 
RELATED TO TECHNICIANS JOBS— NOHBERS AND PERCENTAGES 





No* of Tedi. iNio 
considerod card to 
bo Boot Inportant 


No* of Tadi* who 
rankad card in top 
3. 5e or 8 


Par Cant 


1 


70 


59 


84*29 


3 


67 


60 


89*55 


12 


113 


104 


92*04 


17 


138 


130 


94*20 


51 


101 


89 


88*11 


52 


71 


65 


91*55 


53 


98 


87 


88*78 


65 


125 


120 


96.00 


67 


66 


52 


78*79 


77 


78 


68 


87*18 






ThMt cards contain tha following data: 

Card Vb. 57 Vaewai tnba and transistor theory, 

AC paranetersy rasonanesy transforaers 
conplingy filters^ bandpass, and conplex 
wave foms* Tuned and untuned circuits, 
and vacuin tube power supplies. 

Card Ni>, 65 — Preparation of block diagraas, scheaatica, and 

layouts using standard contentions. 

Card No, 71 — - Electronic circuit theory of video aaplifiers, 

tuned aaplifiers, and basic feedback os- 
cillators* Nonlinear aaplifiers, aodulators 
and deaodulators* Noise in electon devices. 
Relaxation phenooana and Wave- fora generation. 

Card No, 98 — Envlronaental testing of coaponents, parts, 

and products for assessaent of perforaance 
in actual application, 

A siaple rank-order of the ten top cards selected by the technicians 
as being directly related to their Jobs is shown in Table XXTiTCI, 

Froa the preceding data, it is reasonable to assuae that tochnicians 
have reinforced the iaportance of drafting and design, electrieity-eleetronics 
and aatheaatics to the successful technicians. Of soae considerable is^iortance, 
technicians revealed one area of activity not previotaly reported, naaely the 
use of test e^pilpaent and the testing of coaponents. It is possible that the 
tedmicians had previously taken this area for granted. 
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TABLE xmn 

TEN MOST FREqUENILT SELECTED 
CARDS, DIRECTLY RELATED 



C rd N9. 


l^iiber 


F«r Cent 


17 


138 


62.44 


65 


125 


56.56 


12 


113 


51.13 


57 


102 


46.15 


51 


101 


45.70 


53 


98 


44.34 


8 


89 


40.27 


98 


83 


37.56 


18 


82 


37.10 


71 


82 


37.10 



PTt II, The Minagera 

Mmagerg and at^ervisors with direct reaponaibility for the 
tedmiciana within their organiiation were aaked a aeriea of queationa 
to eatabliah a rational for anawera to ^pieationa concerning their tech* 

. nical people* 

Hinagera were aaked to ..indicate the nunber of full* time Joba they 
had had aince leaving high achool* 

TABLE Xmill 

FULL-TIME JOBS HELD SY MANAGERS SINCE 
GRADUATION FROM HIGH SCHOOL 



No* of Joba 


No. of MAnagera 


Per Gent 


1 


7 


4.93 


2 


25 


17.61 


3 


25 


17.61 


4 


31 


21.83 


3 


20 


14.08 


6 


8 


5.63 


7 


9 


6.34 


Miacellaneoua (8 or more) 


13 


9.15 


Unknown (no anawer) 


4 


2.82 




142 


100.00 
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Am shown in Table XXXVIII» 101» or 71*13 per cent of the managers had 
held between two to five full-time jobs since high school graduation* It 
seems reasonable to assume that managers acquire Job knowleuges and skills 
with various organizations rather than with one organisation* 

Hanagers were asked whether they had ever worked in a technical 
capacity similar to the work being done by the technical people for whom they 
were responsible* A total of 108 » or 76*06 per cent of the 142 managers 
indicated that they had such technical experience* 

Hanagers were asked whether they had ever completed a technician 
training program* A total of 75» or 52*82 per cent of the managers said they 
had not completed such a program* 

From the preceding data, it is reasonable to assume that managers of 
technicians will generally have worked as a technician during a part of his 
work experience » and further, the chances are about even that he would not 
have conq>leted a technician training program* The inference is obvious; 
about half the managers received on- the- Job technical training* 

From Table It will be recalled that only seven, or 4*93 per 
cent of the managers had not conq>leted high school* A total of 55, or 38*73 
per cent of the managers had completed a mitiimurn of 12 grades (high school 
graduation)* In addition to these 55, an additional 80 or, 56*34 per cent 
had continued their formal education by completing two or four years of 
degree programs* 

Only one of the oianagers had completed a graduate program of studies* 
It seems reasonable to assume that the graduate degree is not considered 
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etiential to Miiagerial enployaent in the induetriee cooperating in the 
study. 

Fifty nine or 41.53 per cent of the :*tnsgers felt that their educational 
background nag adequate for their present Job; by conatraat, 57, or 40.14 per 

cent, felt that their educational background was in^eqoate for their present 

/ ' 

position. 

Managers i^re also asked to indicate Idle strengths of their fonaal 

t 

education. Fifty two, or 36 .62 per cent felt that nathematics courses were 
strong features. English and the suiences were also mentioned as strong areas. 

Managers were less detinitive in describing weaknesses in their 
educational program?;. The most frequent criticism of programs was "no 
practical application,"; 19, or 13.38 per cent of the managers were in this 
category. The lack of Technical Report Writing or sound English programs 
was also mentioned by 19 managers. Ten, or 7.04 per cent of the managers 
indicated that humanities courses represented weaknesses in their backgrounds. 

From the preceding daU, it s«flfs reasonable to assume that managers 
included in this study are knowledgable about their work, by reason of their 
education, background and experience. It also seems reasonable to assume 
that these managers are qualified to e:q>ress knowledgeable opinions and to 
indicate sound Judgments concerning their technicians. 

Table Tcnx reveals the strengths of technicians in general as 
identified by those supervising them. It is reasonable to assume that aside 
from a technical conqietancy in thdir areas of endeavor, technicians should posses 
those attitudes And diaracteristics which any successful worker should have. 
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TABLE XmX 

STRENGTHS OF SUGCESSFUL TECHNICIANS 
IN THE JHDGNBNT OF THEIR MANAGERS 

Strength or Chereeterietic Nm^r 

Ihidere tending of electricity-eleetroniea 57 

Interest end desire to do well in work 56 

Applicetion of technicel know-how 36 

Generel nedienicel ebility 36 

Sound methemeties beckground 32 

Ability to get elong with people 24 

Intelligence 24 

Drefting ebili^ end skills 18 

CoiBiou sense 15 

Gounend of English end Technicel Report Writing 12 

Sense of responsibility 12 

Leedership ebility 11 

Dependebility 10 

Ability to work independently 8 

Goneend of besic sciences 7 

Positive ettitude 7 

Aggressive 6 

Ineginetion 4 

Kiscelleneous (three or less) 80 



o 
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TABLE XL 



WHERE NMIIGBRS OBTAIN TECHNICIAMB 



Source 


H!Sd>er 


Companies similar to their own 


72 


Promote within 


54 


blscharged military personnel 


48 


Engineering Jchool Drop-outs 


26 


In-state Junior colleges 


21 


Out of state Junior college 


11 


Technical Institutes 


10 


High school graduates 


4 


Miscellaneous (three or less) 


23 



Almost without exception* msnsgers Indleeted that technlelens who were 
not successful did not possess the quslltltes listed ss strengths In 
Table XXXIX. 

Msnsgers were asked where they obtained the majority of the Individuals 
to be hired as tedinlelans. As shown In Table XL* half of the respondents 
Indicated that they looked to companies similar to their own for their 
technicians. 

Managers Indicated that that the second most Important source of 
technicians was promotion within their organisation. 

Only 30 managers Indicated that they generally went to specific 



educational Inaitutiona to aaek teehniciana* Theaa 30 named 50 apecific 
inatitutiona* Ninetden unlveraitiea or eollegea^ aerenteen private technical 
inatitutiona» thirteen Junior collegea and one vocational- technical high 
achool Here apecified. Ariaona State Ohiveraity at Teapr vaa named 14 
tinea » Phoenix 0ollege» aeven» De Vry Technical Inatitute in Chicago waa 
Hated aiz tinea* 

When naked Why they went to theae inatitutiona for teohnleiana» 
nanagera were quite apecific in their anawera* Twenty of the 30 aaid that 
the graduatea ainply net their needa* In other worda» previoua techniciana 
had been attceeaafoly ao they kept aeeking aucceaaive graduatea* 

NWabera of tediniciana that auperviaora* nanagera or engineera generally 
auperviaed varied greatly* Aa revealed in Table XLI* a cluater of 68 nanagera 
Indicated tiiat their people atq>erviaed between one and four techniciana* 

In tdie naln^ thoae Who indicated ten and over did ao becauae of the 
varying denanda of projecta under way* 

Hanagera were naked to eatimate — baaed on their peraonal profeaaional 
judgment — the nunbera of techniciana to be needed the indua,try with which 
their organiaation waa a part» between the yeara 1967 and 1970 and between 
1975 and 1985* Aa indicated in Table XL1I» their reaponaea reveal a atrong 
belief that techniciana will be needed at a alightly higher rate aa preaently 
ea>Ioyed or at a oRuch higher rate than preaently enployed between 1967 and 
1970. 
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TABLE ZLl 



NUMBERS OP TECHNICIANS SUPERVISORS RESPONSIBLE FOR 



Nonber of Technicians 


Freguency 


Per Cent 


1 — 2 


32 


22.53 


3 — 4 


36 


25.35 


1 

1 


27 


19.02 


00 

8 

1 


16 


11.27 


9 — 10 


24 


16.90 


mscellaaeous (over 10) 


7 


4.93 




142 


100.00 



As tfaown In Table XLIIl, nanagers believed that a draoiatlc Increase 
in ntnber of technicians would be needed between 1975 and 1985« Only six 
believed they would be using about the sane nund>er of technicians as they 
do today* 

Prom the preceding data. It seens reasonable to assume that Institu- 
tions which train technicians will have substantial denands placed on their 
programs through 1985* 

One of the basic tenets of our educational system should be of 
"present preparation for some future value*" 

Managers were asked to describe the probable need for Individuals 
with various amounts of preparation* As revealed In Table XLIV, managers 



o 
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TABLE ZLII 






NEED FOR TECHNICIANS BETWEEN 1967 - 1970 





Need 


Fvequenqr 


Per Cent 


A* 


Meny more than preeently 
employed 


56 


39.44 


B. 


Someidiat more than pre- 
eently employed 


77 


54.22 


C. 


About the aame aa pre- 
sently employed 


7 


4.93 




Somewhat less than pre- 
sently employed 


2 


1.41 


E. 


Much less than presently 
employed 


0 


0.00 




142 


100.00 




TABUS mix 



NBBD FOR TBCHNICIAIB BBTUBEN 1975 - 1985 



Nted 



Frequency 



P«r Cent 



A# 


Nuiy note than presently 
esiployed 


88 


61.97 


B. 


Sonewhat more than pre- 
sently ea|>loyed 


48 


33.80 


C. 


About the same pre- 
sently eo^loyed 


6 


4.23 


D. 


Someuhat less than pre- 
sently employed 


0 


0.00 


£• 


Much less than presently 
employed 


0 


0.00 




142 


100.00 




TABLE XLIV 

ESTIMTED DEHAN) FOR PERSONS WITH VARIED PREPARATION 





Preparation 


High 


Medium 

Demand 


Low 


A. 


High School graduate (only) 


7 


40 


95 


B. 


Tmd year technician 


75 


61 


6 


C. 


Four year technology 


85 


40 


17 


D. 


Four year engineer 


99 


23 


18 



(professional) 



indie«t«d that the greater the preparation* the higher the deaand* 

While aanagera felt that the future demand for tfio year tedinioiana 
mould be either "high" or "omdiuB"; they also indicated that four year 
baccalaureate graduates would be in the greatest demand* 

In an effort to further define the best preparation for those who 
will ultimately do technical work* managers were asked to describe — on 
the basis of what technicians are required to know and do -• the kind of 
preparation they would recommend for an individual to not only enter upon 
but also Bike progress in a tedmical occupation* 

As shown in Table XL?* 96* or 67*61 per cent of the asnagers listed 
a sound two«year technical program as their most frequent dioice* 

The wide range of recommendations for technicians training and their 
ultimiite use within a company is revealed in these data* Some organisations 
use technicians at the professional and/or semi-professional levels* which 
require a four-year (engineering) baccalaureate degree* while still others 
use tedmiciana et sd>-professional levels* 

Cnee again* msthematics and drafting and design courses were high 
on the list of desired criteria* 

One urea of academic endeavor wfaidi has typically not been included 
in many two«year technical courses is business administration* While this area 
has never been high on any of the previous criteria* it has been mentioned 
with sufficient frequency to taerit some specific inclusion in technical 
programs* 
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Kiluigert were asked to react to two related but dla-aiailar edeeatlonal- 
industry cooperative preparation programs for preparing tedmicians* The 
first cooperative program involved an extended two year technical program* 

TABLE XLV 

BEST PREPARATION FOR ENTERING UPON AH) MAKING 
PROGRESS IN A TECHNIGAL OOGUPATION 



Preparation 


Frequency 


Per Cent 


Two year technical program 


96 


67*61 


Mathematics courses 


51 


35*92 


Four year engineering degree 


36 


25*35 


Basic Sciences 


30 


21*13 


Drafting and design courses 


25 


17*61 


English and technical report writing 


24 


16*90 


Business Oourses 


23 


16*19 


On-the-Job training 


15 


10*56 


Surveying courses 


7 


4*93 


Vocational-technical high sdbool 
graduate 


7 


4*93 


Materials testing 


6 


4*23 


Miscellaneous (less than four) 


35 
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The technicians- trainees would spend one and one-I;;al£ years in the educational 
academic-laboratory situation* The technicians vould then spend six months 



in on-the-Job internship at a cooperating industrial corporation* 

At the completion of the six months on-tl^e-Job training, the interns 
would be evaluated by their iooisdiate sv^ew±§CiTs» A final semester of 
academic-laboratory preparation would follow in order to build up the 
weakest portions of the individuals backgrounds as revealed by the evaluation* 
For purposes of this report, this internship program will be termed Internship 
One^. 

Kanagers revealed strong agreement in saying that this was a sound 
concept and approach to preparing technicians in the future* As revealed 
in Table XLVI, only seven managers felt that this was not a sound approadi* 

TABLE XLVI 

MANAGERS REACTION TO INTERNSHIP ONE 



Reaction 


Frequency 


Per Gent 


This is a sound approach and 




54*23 


should be initiate* 


77 


This is a sound concept al- 




40*85 


though problems appear* 


58 


This is not a sound concept* 


7 


4*92 



142 



100*00 



The 58 imegeve efao Indicated that this was a eot/id ooneept, al«* 
though eouM pxobleos appeared. Hated a total of 91 Hva -i probloas* The 
■ajori^ of theae probleoa involved varying recoonendf i time-lengtha for the 
on-the*Job intemahip* 

The aeven swiagera who felt that thia via no ’ a good preparation for 
teefaniciana liated eleven problem axeaa ufaich irlghr preclude ita uae in 
their ograniaationa* The majority of theae factoie involved economica and 
bugetary conaiderationa* 

Hanagera ivere aaked Whether they would recoomend that their ooapany 
participate in auch a training program* A total of 131, or 92*25 per cent, 
indicated that they would recoueend the program to their company* Only 
eleven managera indicated they would not rec-onraend auch a program to thdir 
coapaniea* 

The aeoond intemahip program would take the atudent four yeara to 
complete a two year program* For purpoaea of thia atudy, thia concept ia 
termed Intctmahip TWo* It involvea paira of interna* flhile one intern would 
be apending aix montha at the educational inatitution, hia counterpart intern 
would be apending aix montha in on*the*job training* At the concluaion of the 
aix montha time period the two would change placea* All other featurea of 
Intemahip One would remain intact* 

A. total of 117, or 82.39 per cent, of the managera reported that thia 
waa a aound approach to technician preparation* Fifty eight aaid thia waa a 
good concept without reaervationa, while 59 aaid thia waa a good concept 
although aome problema appeared* 
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Forty mtiuigert felt that Internship TSo was better than Internship One* 
An almost etpial niaabery 43 » believed that Internship One was the better of the 
two* 

The 59 nanagers who indicated this was a good concept ^but that 
problens appeared) listed 77 such problems* Again these problems centered 
around time-length of the various phases of the total programs* 

Seventeen managers felt this was not a sound concept* These 17 listed 
T 3 obstacles to the progrsm* most of which dealt with various administrative 
problems* 

A total of 103 managers said they would recommend this technicians 
preparation program to their companies; 39 indicated they would not* 

From the preceding data it seems reasonable to assume that Internship 
One is generally preferred by managers over Internship Two* It also seems 
reasonable to assume that there are strong points and weak points involved 
in both types of preparation* 

Mmagers were asked what orientation a newly hired technician was 
given by their organisation* As indicated by Table XLVII 9 a wide variety 
of tedmiques were employed* 

The most common technique watt placing the new man with an experienced 
man* Only nine managers said they did not have some form of orientation* 

After managers had completed the structured questions » they were 
given an opportunity to make any final comments or to clarify any point 
related to the general area of technical education* Ho new concepts of ideas 
not already included in this report were< presented* 



Knuigtrs were asked to oonplete the card-sort portion of the research — 
Just as the technicians had done* Table ZLVllI is a record of the cards 
selected by the managers* The groups are the same as described for Table ZZZIII* 

As will be noted, only four cards were placed in the "Directly Related" 
group with a fre^piency of over 71 or 50 per cent; these cards were 17, 51, 

53, and 65* 

These cards inrolved the following contents: 

Card Nd* 17*— Uie of simple test equipment* 

Theory and application of com- 
mercial test equipment, trouble 
analysis, and test and alignment 
methods and practices* 

Card No* 51— Trigonometric functions and fund- 
amental formulae* Logarithms and 
solution to triangles, identities 
and equations* Trigonometry from 
ratios, right triangles, and id- 
entities, through vectors and graphs 
of trigonometric functions* 

Card No* 53—— Motric system and square root; 

geometry from plane figures to geo- 
metric solids; algebra from operations 
with signed nuhbers through algebraic 
expressions, equations, special pro- 
ducts, factoring and fractional 
equations and simultaneous equations* 

Card No* 6^—— Preparation of block diagrams, schematics, 

and layouts using standard conventions* 

None of the cards were selected by 50 per cent of the managers in the 
"Somelffaat Related" group* 

fAien the "Directly Related" and "Somewhat Related" selections are 
combined, card 1, 3, 17, 51, 52, and 53 stand out over others in frequency* 
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TABLE ZLVIl 



ORIBBTAIIOH OR FOL1SH1B5 GIVBH TO 
NBNLT HIRED TBCamCXm 





Vceqnencj 


Put tktm mm with eiperlenend twdmlelmi 


68 


Foratl prooedure: eoapmxy pollel«t 9 plant 
Tinltatlont, mf&ty, teeiirltyt pnrsonnnl 
proendurts 


51 


Xnfonuil pvodndurn: gradual ineraaaa in 
raaponslMllty 


13 


Locate weak points, lltaratwra on eoopany 
to road 


16 


Closa scparrlslon, answer questions 


14 


Hme 


9 


On«the-job training 


8 


Section or branch chief responsible for 
new nan's developnent 


7 


Mlsoellaneotis (two or less) 


28 




226 
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Mnagm iitr* alto aaktd to idantify the firat three wo 9 t Inportant 
cards, the flea next aost laportant aad the next el^t aost laportant cards 
froa those they had selected for their "Directly Xalated" groins* Table 
XLIX is a record of these choices* 

It will ha noted that only casds 17, 51 and 65 were ranked within 
the 3, 5 and 8 aost iaportant hy over 50 per cent of the aanagers* Other 
high-freqnensy selections — but not by at least 50 per cent of the aanagers 
were 1, 8, 12, 52, 53, and 57* These cards contain the following data: 

Card Mo* 1 Tedmical and scientific oral and 

written coosamication indluding business 
forae, reports, enphasising the different 
types of business letters* Teehnifuss 
of collecting and presenting scientific 
data* Infomal reports and fomal 
reports; special types of tedmical 
papers* 

Card No* 8 — Analysis and design of basic electronic 

circuits involving vacuoa-tdm and seai- 
conductor devices* Graphical Character- 
istics and co-efficients* Linear egui- 
▼alent circuits* Eleaentary feedbag 
analysis* 

Card No* 12 — GouloiBb's Law and the basic concepts 

of electrostatics, direct and alter- 
nating current theory, nagnttisn, 
electrceuignetisB, Aapere's Lay, os- 
cillator circuits, and L^c and R/c 
circuits* 

Card No* 52 — Algebraic graphing, exponents, powers, 

roots, radicals, imaginary and complex 
nusbers through ratio proportions, 
variations, and logarithms* 



Ctard Mo« 53 — Hstrle syttaa and s^re root| gMWitr^' 

from pl«ie flgurot to goomatrlc solids; 
algebra from operations with signed 
nulabers through algebraic expressions 9 
egoatlonSf special products 9 factoring 
and factional equations and sloniltaaeous 
equations* 

Card No* 57 — • Vaeum tid>e and transistor theory* AC 

parameters 9 resonancf9 transformers 
coupllng9 filters 9 ba^pass9 and complex 
wave forms* Tuned and untuned clreultS9 
and vacuum ttd>e power supplies* 

It seems reasonable to assume that cards I9 3 , 89 17 , 5I9 589 53 

and 57 represent areas of considerable Interest to technicians from the 
managers point of view* With these data In mlnd9 an Inspection of Table XXXIV 
reveals a striking agreement between cards selected as Important to technicians 
jobs by both technicians and managers* 

Mmuigars and technicians demonstrated a reaourkable degree of uniformity 
In nonbers of cards placed with the ''Directly Related" and "Somewhat Related" 
groins* A somewhat flattened normal curve of distribution appears within 
both groups* (See Table L)* 



TA3LB ZLVIII 



GABD8 SiXBCIlD M KAHAGBStS: GBOOPS 0!!B ASS TiiO 



Card 


Group 1 Group 2 
SoMuhat 
lalatad Ralatad 


Card 

Ho. 


Group 1 Group 2 
Sonauhat 
Salafted Ralatad 


Card 

lb. 


Group 1 Group 2 
Somiiliat 
Ralatad Ralatad 


1 


64 


59 


34 


23 


51 


67 


48 


61 


2 


0 


3 


35 


12 


35 


68 


23 


57 


3 


54 


64 


36 


9 


41 


69 


26 


51 


4 


13 


34 


37 


14 


27 


70 


8 


37 


5 


0 


3 


38 


31 


49 


71 


54 


15 


6 


9 


27 


39 


3 


11 


72 


24 


32 


7 


9 


26 


40 


6 


11 


73 


26 


38 


8 


58 


19 


41 


28 


55 


74 


2 


4 


9 


0 


1 


42 


22 


42 


75 


25 


46 


10 


0 


0 


43 


4 


16 


76 


15 


39 


11 


2 


10 


44 


31 


44 


77 


57 


38 


12 


60 


35 


45 


2 


19 


78 


0 


2 


13 


0 


0 


46 


18 


58 


79 


44 


47 


14 


0 


2 


47 


44 


48 


80 


20 


43 


15 


0 


2 


48 


20 


42 


81 


5 


24 


16 


2 


2 


49 


8 


41 


82 


9 


22 


17 


86 


29 


50 


10 


30 


83 


6 


24 


18 


48 


24 


51 


79 


itO 


84 


10 


57 


19 


2 


12 


52 


59 




85 


3 


19 


20 


6 


24 


53 


77 


43 


86 


2 


10 


21 


6 


17 


54 


7 


38 


87 


0 


0 


22 


13 


25 


55 


4 


26 


88 


1 


14 


23 


30 


51 


56 


19 


51 


89 


12 


64 


24 


14 


27 


57 


57 


16 


90 


8 


26 


25 


12 


35 


58 


22 


44 


91 


3 


31 


26 


26 


39 


59 


16 


46 


92 


10 


24 


27 


15 


44 


60 


16 


46 


93 


16 


48 


28 


27 


51 


61 


33 


50 


94 


1 


19 


29 


34 


31 


62 


0 


0 


95 


12 


40 


30 


33 


54 


63 


19 


40 


96 


0 


2 


31 


11 


37 


64 


12 


37 


97 


3 


12 


32 


0 


21 


65 


82 


27 


98 


39 


38 


33 


14 


41 


66 


45 


61 


99 


5 


16 
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RANK ORDER OP CARDS CONSIDERED TO BE OF 
MOST IMPORTANCB BY MANAGERS 



lABLS L 



NOMBBRS OP CABDS FLACSD IN DIRBCTLT ftBUTID 
AM) SOMBHHAT KBUIBD GROUPS BY TBCHNICXANS AK) HAHA0BH8 



DIRBCn.T RBLAIBD 
Vmh%T Teehnicl'4Uis 

8«l«et«d 


Niiuigers 


lMb«r 

Sel«ctftd 


SOMEWHAT RIUIBD 

T«chniol«iui Nanagert 


1 


4 


0 


1 


0 


1 


2 


5 


3 


2 


0 


0 


3 


9 


4 


3 


1 


0 


4 


7 


7 


4 


0 


1 


5 


11 


6 


5 


3 


1 


6 


12 


2 


6 


2 


1 


7 


10 


9 


7 


2 


1 


8 


14 


2 


8 


3 


2 


9 


12 


9 


9 


5 


4 


10 


15 


d 


10 


9 


7 


11 


10 


11 


11 


4 


3 


12 


12 


9 


12 


7 


6 


13 


14 


9 


13 


7 


0 


14 


13 


7 


14 


10 


4 


15 


13 


6 


15 


10 


6 


16 


7 


5 


16 


14 


7 


17 


6 


4 


17 


8 


1 


18 


7 


6 


18 


6 


6 


19 


6 


3 


19 


11 


4 


20 


3 


5 


20 


11 


12 


21 


1 


3 


21 


11 


7 


22 


2 


2 


22 


9 


4 


23 


3 


3 


23 


7 


5 


24 


4 


3 


24 


r 

•A 


6 


25 


1 


4 


25 


7 


7 


26 


0 


2 


26 


13 


3 


27 


2 


1 


27 


7 


6 


28 


1 


2 


28 


2 


5 


29 


7 


0 


29 


4 


6 


30 


1 


1 


30 


1 


5 


31 


1 


1 


31 


5 


1 


32 


2 


0 


32 


1 


2 


33 


1 


2 


33 


2 


3 


34 


0 


1 


34 


3 
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SUMMARY, OONCLUSIOHS AMD IMPLICATIONS 

Sumnaiy 

Inioftr M the preceding dete ere representative of technicians and 
■anagers throughout Arizona, and insofar as the data are reliable and valid, 
the following suonary, conclusions, and iiq;»lications seem warranted* 

Successful technicians tend to be workers ^idio hcue had sufficient 
work*ezperience (and educational preparation including formal, informal, 
military and so oi^ to have been on the job fora nunber of years* Mcme 
could be considered recent high school graduates* 

Successful technicians will generally have completed high sdkool, 
generally have completed a two year junior college program or a four year 
baccalaureate degree program* 

Occupations of technicians fathers were widely varied* The majori^ 
of technicians mothers were listed as (non*wage*eaming) housewives* 

While in hi^ school, technicians had generally enrolled in either 
th e general academic or the college preparatory programs of studies* Only 
31, or 14*03 per cent of the 221 tedinicians had followed a secondary school 
vocational* technical program* 

After esq>loyiiient, the need for vocational*technical upgrading becomes 
readily apparent, and they enroll in institutions geographically near their 
residence or place of employment* 

Technicians major areas of study — after high school — were 
quite varied* 




74 



Technicians generally believe that iutheaatiea» drafting^ the 
yhyaieal seiencea, English, and electi.onies courses are of greatest value to 
then on the Job* Social ficiences are generally felt to be of least 
^ m ^ then on the Job* (hy a strange anoaaly, tedmicians felt that 
"Ability to get along with others on the Job" was highly Important*) 

Technicians are generally snare of the prestige and prenim which 
industry places on the four year baecalaureste degree* 

Technicians seek technical i^grading in a wide variety of 
edncational institutions* 

industries are likely to pay technicians costs for i^grading 

courses* 

Successful technicians are generally found in the upper half of their 
hi^ school graduating class* 

Many attended high schools where vocational*technical 

prograns did not exist* When these prograM were available, these technicians 
tended to enroll in both individual vocational courses or for the complete 
programs* 

Technicians generally came from small (10,000 or less) communities* 

Tedmicians generally decided to enter the occi^stion between the 
ages of 16 and 25* 

Technicians generally had one or two previous full»tlme •• yet 
relatively short — work experiences which helped them qualify for their 
present technical work* These tedmicians generally had been with their 
current employer between one and nine years* 
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T«dmlel8ns tend to view their Jobe in e very broed etnee* Seeeereh, 
design or development end testing were their most frequently mentioned 
ectivities* 

Teehnicel knowledges which tedmiciens were required to have in order 
to do their Jobs involved principles of electricity^electronicsy mathematics 
and drafting and design* Technicians generally acquired these knowledges on 
the Job* These same three areas of endeavor led the list of technical skills 
idiich technicians weih required to have in order to do their Job; again on«the* 
Job training led the list when sources of these skills were Indicated* 

Successful tedmicians list those traits and' characteristics commonly 
associated with people in general as desireable for their field* In other 
words 9 successful tedmicians are no different from others from a personal* 
social point of view* 

Technicians typically do not belong to professional organisations* 
Generally they do not carry registration, certification, or a license as a 
Job req^rement* 

Tedmicians generally believed that their hobbies did not contribute 
to their success on the Job* 

These technicians had typically held between three and four full 
time Jobs — including their present position* Technicians generally 
tend to remain with their employer after having remained at least four years* 

Technicians generally believed that a two year or four year formal 
degree program was the best preparation a person could get in order to do 
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thair Job** IfitlMHties oonitM and pxograoa, hoaovar* once again lad tha 
llat. 

The greatest ninbers of tedmlcians expected to be in supervisory 
capacity in their sane technical area after ten years* 

Fron a deck of 99 cards» with descriptive technical data on each 
card, fifty per cent of the technicians chose only a few cards as being 
directly related to their work* In selecting the niDSt iaportant cards 
fron the "Directly Related" gronp, technicians chose cards which dealt with 
the use of simple test equipment, drafting and design, electricity*electronics 
and mathematics* 

Mmagers of technicians generally relect a wide range of previous work 
experience* Moreover,' a high percentage of these, indicated that much of this 
work experience was in technical areas* Generally fifty per cent of the 
managers had completed some form of technician training program* 

Mmagers indicated that strengths of tedinicians are strengths of 
workers in general* Conversely, weaknesses of tedmicians were weaknesses 
of workers in general* 

Tedmicians are generally obtained from complies similar to their 
own, or they are promoted from within the organization* At the time of 
this writing, there does not appear to be a significant nundber of tedmicians 
sought from educational institutions within Arizona* 

Managers reported a wide number of technicians for which their 
si^ervisoTrs were responsible* Managers esqpressed a firm belief that the 




77 



numbers o£ technicians that will be needed by Industry In the future will 
continue to Increase* 

Hanagers Indicated that the more education technicians could get, the 
greater the demand for their services* This concept extended to the four 
year baccalaureate degree* The most common recomnendatlon that managers 
made was to enroll In a two year technical program* 

Managers believe that an Internship program for preparing technicians 
would be of high value* Newlyhlred technicians are typically placed with 
experienced technicians to orient them on the Job. 

Managers and technicians tend to agree on Information, skills, and 
knowledges which are Important to the work of the technicians* 

Conclusions 

Uh^.ess additional technical programs can be Initiated In the secondary 
schools of Arizona, Institutions of higher education should plan to expand 
adult and evening technical programs* 

Mathematics, drafting, and physical science programs are laq>ortant 
to technicians* Technicians generally do not relate what they learn In 
social studies classes to what they do as Individuals In contact with others* 
These courses and programs should relate to people- type problems* 

Educational Institutions should Investigate the ro^8 that they should 
play In coordinating on the job training for technicians* 

Managers and technicians agree that the greater the educational prepa- 
ration, the better the technician* The value of the four year baccalaureate 
degree should not be underestimated* 
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General education prograoa — becauae of their science » natheouitics^ 
and English offerings appear to be of considerable value to future teeb« 
nicians* All students should be made aware of where they will find jobs and 
how they will use the knowledges gained in their classes. 

Hathematics (up to but not including calculus) » drafting and design* ele- 
ctricity and electronics* the physical sciences* English and Technical Report 
fititing and the use of simple test equipment appear to be "core” areas for 
various Arisons Industries using technicians. 

It seems reasonable to assume that technicians were less than eatiisfied^ 
with courses in social sciences and the humanities. This response appears to 
by typical of "hardware" oriented individuals. Why this is so is another 
matter. It is possible that this is an area for future researdi. The point 
of view of the technology student and the point of view of those who are 
professionally involved in these courses could well be points of departure. 

Secondary school administrators* counselors and teadiers should be 
aware of the low demand for individuals with a hi^ sdiool diploma only. 

These factors become more significant for those youth who are contemplating 
dropping out of secondary schools. 

From the preceding data it seems reasonable to assume that industrial 
managers who use technicians* and personnel from educational institutions 
which prepare technicians* should endeavor to initiate an on the job prepara- 
tion program at the earliest possible time. This position is strengthened by 
the technicians reporting the value of on-the-job training (See Table XI). 
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It seems reasonable to assume that technicians were willing to move 
to another organization whenever the situation might seem appropriate. 

Recomnendations for Further Study 
In the course of conducting, writing and evaluating this research 
project, the following subjects— while not a part of the present effort— 
seem to lend themselves to further study: 

!• Why do "hardware" oriented technicians 
verbalize the liq>ortance of getting 
along with others, yet deprecate the 
importance of social studies in their 
backgrounds? How do we make future 
technicians aware of this expectation? 

2. If vocational- technical programs were 
more numerous, would greater numbers of 
high ability students enroll in them? 

3. In view of the narrow age-range where 
young men elect to enter a technical 
field, what would be the most effective 
recruiting procedures to use In attract- 
ing those of high ability? 

4. What provision for on-the-job training 
for future technicians should be imple- 
mented? 

5. If vocational- technical education is 
effective, graduates with this background 
should conqpare favorably with those who 
lack this background. Coiq>arlsons between 
involuntary job separations, and promo- 
tions, should be informative. 

6. What provisions can be made for Informing 
secondary school administrators, counselors 
and students of the low demand for indivi- 
duals with only a high school diploma? 



What ooorses from the field of buelneae 
edminietretlon ahould be Inelmded In e teo 
year technical program? 

In vipw of the acknowledged premium placed 
on the four year engineering degree by 
indue trial peraonnel^ what type engineering 
curricula ahould be created by Ariaona 
inatitutiona contemplating auch programa? 
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Alr^HDIX A 



iDimncAxioN or snccisrm hchiizcia» 

(Mtnfie^<— nt) 

1* «• Goopaay Nmm 
b* Goapany A4Ar«M 

e* City 

2* «• lliyt 

0* First pos^^tloii with this ooopsiiy 
Data of initial aoployamt 

Prasent 

a* Position with this coap a ny . 



3* Muiagaaant Laval (s): 

3 3 

2 *••' '2 i>wal 

1^1 laval 
0 tadinician laval 

JOB H1S1DBY 

Titia or daseription 

4* a* of first fall tiae Jobi . 

b* Baployad froa - 

(Data) (Data) 

e* Coapany Nana . 

5# Total niad>ar of fnll^tiae Jobs sinea laaving hi||i sdiool 
(Ineloda aetiwa duty with the araed forcas) 

6* Hava you avar worked as a taehnieian siailar to those aaployad by your coapany? 

a* Tas 

b« lb 



7. 



Did you eoupleto u tedmlcln training yrograoi? 

a* Yaa If yaa, daaeribo: ^ 

(DaaeriptiTa Titla) (Langth) 

c. Nd 
EDDC mON 
8* High School Diplona? 

1 * nona 

2 ■ ragular 

3 - O.H.D. 

4 ■ other 

9* Junior Gollaga Graduate? 

a* Tea b« If yas» najor field of atudy: 

c. No 

10* Gollaga Graduate? 

a* Yaa b. If yaa, fi«W of atudy: 

c. No - 

11* Gonmta on ade^cy of fornal education for your praaant poaition: 

Strength: - - , — — n ' — 



Waaknaaa: 



THE TECHNICIAN 

12* Hhat are tha atranatha of auccaaeful tacfaniciana aaployad by your coi^pany? 



13 . 



What art the naakneaaaa of tha leas avecaaaful tadmiciana aaployad by your 
eoopaagr? 



a* 

b. 



c* 



14. Whara do you obtain tha oMjority of thoaa to ba hirad aa taehnlotana? 



a* Othar ooopaniaa ainllar to oura 
b* Dlaehargad nllitaxy paraonnal 
c« In-atata Junior csollagaa 
d» Out-of-atata junior collagaa 
a* Inginaaring achool dro^ outa 



f, Othar 

(apaeify) 



g» Othar 

(apacify) 



15* a* la thara an inatitution» or inatitutiona» that you ganarally go to in ordar 
to hira taefaniciana? 



a* Taa 

b. No 

b* If yaa» what ara thair naaaa and locations? 



c« Why do you hira thair product? 



16* How nany tacbniciana do aaeh oi your anginaara or aupar/iaora typically 
fuparwiaa? 

a. 1 - 2 

b. 3 - 4 

c. 5 - 6 
d* 7 - 8 

a. 9 - 10 

f. Othar . 

(apacify) 
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17* Bated on your experience end background, how nany technicians will be needed by 
the industry which your compai^ represents in the ioiBediate future (1967 - 1970)? 

a* Many more than presently enployed 
b« Somewhat more than presently enployed 
c« About the same as presently employed 
d« Somewhat less than presently employed 
e« Mach less than presently employed 

18* Based on your er^erience and background, how many technicians will be needed by 
the industry which your company represents projecting ahead to 1975 to 1985? 

a* Mfii^ more than presently employed 
b« Somewhat more than presently employed 
c« About the same as presently employed 
d« Somewhat less than presently employed 
e« Much less than presently employed 

19* What will be, in your estimation, the probably future demand for employees in 
industry with the following preparation: 



a* 


High school graduate 


High 


Medium 


Low 


b* 


Two-year technician 


High 


Medium 


Low 


c* 


Four-year technology 
(Non-professional) 


High 


Medium 


Low 


d* 


Four-year engineer 
(professional) 


High 


Medium 


Low 



20* Considering the job knowledges and skills which your technicians are required 
to know, what is the best education they should attempt to obtain not only for 
an entry job, but also for a person to progress on the job? 

\ _ 



21 • km What do you think about an extended two**year tedinical program which would 
permit : the technician- trainee to follow this general schedule? 

1* One and one-half (1%) years of academic-laboratory prepa<?ation« 

2m Six months internship on the job* 

3* Evaluation of intern by his immediate supervisors* 

4* One final semester of academic-laboratory preparation to build up the 
weakest portion (s) of the individual's background as revealed by the 
evaluation* 



ERLC 



4 



J 






22 . 




RBACnON 

B* 1* This is s sound spproseh end should be initisted* 

2* This Is s sound concept although these probleos appear: 

(•) 

(b) 

(c) 

3* This is not a good concept* The following obstacles appear to be too great 

(•) 

(b) 

(c) 

G* a* I would recoonend to our company officials that we participate in such 
a program* 

^ would not reconmend to our company officials that we participate in 
sudi a program* 

A* What do you think about an extended two year technical program where the 
university and industry would agree to have trainees and students alternate 
between the two? 

1* While student A was attending the university for a semester of tech- 
ical education* his partner* student B* would be receiving valuable 
work experience* 

2* This alternating system would continue until the academic require- 
ments cf the two year technical program would he completed* 

RBAGTION 

B* 1* This is a sound approach and should be Initiated* 

2^ This is a sound concept although these problems appear: 

(a) 

(b) 

(c) 

5 




C. «• I HGttld vecoamend to our eofapany offlclali that wt partlclpata in auch 
a prograa. 

b« I uDuld not recomend to our eoopany offlciala that ue participate in 
auch a program* 

24. What orientation or "poliahing” do you typically give newly hired techniciana? 



25* Final Gomenta: (areaa not covered, etc*) 



6 












AFFBIDIZ B 



CONFIDENTIAL 
IDENTIFICmON OF SDOCBSSFUL TECHNICIANB 
Gonpany I* D. ■ 



!• Nina Title . 

2. Age 

3* Highest grade level in school oonpleted 

4* Occupation of Father 

5* Occupation of Mather - — 

6* The t^pe of high school curriculun which you followed can best be described 
as: 

a* Oollege preparatory 
b« Vocatlonal-tedinical 
c* General 

7* Did you acfpiire any of your present lob knowledge or skills at a post«high 
school technical institute. Junior college, college, or university? (under 
line those that apply) 

a. Yes c. If yes, describe 

b. Na — 

8* What was your major area of study? 



X a does not apply 


13 - 


0 a none 


14 « 


1 a mathematical science 


15 - 


2 ■ physical science 


16 - 


biological science 


17 “ 


4 • business U umaagement 


18 - 


S * general 


19 - 


6 ■ building trades 


20 - 


7 « electrical trades 


21 - 


8 » machine trades 


22 - 


9 » printing trades 


23 - 


10 - art 


24 » 


11 - home economics 


25 - 


12 ■ agriculture 


26 - 



engineering 
engineer mechanic 
air frame & power meehsnlGS 
drafting trades 
iq^pliance repairs 
liberal arts 
data processing 
technical writing 
civil technology 
medical tedinology 
drafting technology 
mechanical technology 
electronics technology 
other - 



(specify) 



9* Did you complete the regul«r(two y^Ar) program of studies? 

(four year) 



a. 


Does not apply 


do If no, how long did you attend? 






(0) 


Less than one semester 


b. 


Yes 


(1) 


One semester 






(2) 


Two semesters 


c. 


Ho 


(3) 


Three semesters 






(4) 


Four semesters 






(5) 


Five semesters 






(6) 


Six semesters 






(7) 


Seven semesters 



10* What specific juaior college or university courses did you take which have 
proven to be of highest value to you in your present position? (What did you 
actually do or learn, not a course title). 

1 *_ 



2 & 

3. 



11* What specific junior college or university courses did you take which have 
proven to be of lowest value to you in your present position? (What did you 
actually do or learn, not a course title.) 

1 # 



2 . 



3. 



12. Are you prcG^ully enrolled In a technical course to upgrade your technical 
background? 

a. Yes bo If yes, describe: 

c. Ho 

Kind of and Length of Additional 

13. Additional training acquired i Training Time 

a. Formal apprenticeship 

b. Hilitary schools . 

Co Private institutions 

d. Area vocational schools . 

e« Oorrespondence 

fo Formal on the job training 

g. Courses offered by inplant training 

h. Junior college 

i. College - University 

J. Other 

(specify) 
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14* Does your enployer have a policy of paying tuition expenses for you shlle 
attending technical upgrading courses? 

a. Yes 

b. fb 

15* Do they provide tine off for such courses? (Including compensatory tine) 

a* Yes 

b. lb 

16* Where dll you rank In your high school graduating class? (In terais of per« 



centlle) 
a. Did 


not graduate 


b. 


0 


- 25 (lowest 25Z) 


c* 


26 


- 50 


d« 


51 


- 75 


e* 


76 


- 100 (highest 75Z) 



17* Did the high school (s) which you attended offer Vocatlonal-technlcal 
education which could have prepared you for your present position? 

a* Yes 

b. No 

c* Don't know 

18* If sudi training was availdb^ did you take advantage of It? 
a* Does not apply 

b. Yes d* If yes, describe; 

c. Kb 

19* The else of the coanunlty where you lived ^en you attended high school was? 

POFOLmON 



a, 

h. 


0 • 10,000 
10,000 - 20,000 


8* 


60,000 • 70,000 


c* 


20,000 - 30,000 


h. 


70,000 - 80,000 


d. 


30,000 • 40,000 


1. 


80,000 • 90,000 


e* 


40,000 - 50,000 


J* 


90,000 • 100,000 


U 


50,000 - <0,000 


k* 

3 


Over 100,000, epedCy 
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20* At what age did yea decide to work In your present technical oceqpatlon? 

a* 15 or under 
b« 16 to 20 
c« 21 to 25 
d« 26 to 30 
e« Over 30, specify 

21* If any previous occupations or job enabled you to qualify for your present 
postlon, specify lob titles and length of tine on each* 



22* How long have you been employed by this firm? 

a* Less than 1 year 
b* 1 to 3 years 
e* 4 to 6 years 
d* 7 to 10 years 

e* Over 10 years, specify ________ 

23* Which of the following best describes the activities you perform on the Job? 
(drcle the letter of all that apply) 

a* Research, design or development 
b* Production or operation 
e* Installation or maintenance 
d* Infection or control 
e* Sales 
f* Supervision 
g* Testing 

h* Other (describe) - 

24 * What are the most Important things you are required to know In order to do 
your Job? 



b. 

c* _ 

25 . Where dtiyou acquire these knowledges? (Describe In as much detail as possible; 

a* - 

b* 

c* - - 
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26« Miat ar« th« aott laportant things you are refolrad to ^ in order to do your 
Job? (akllla, conpetenclea, etc*) 



b. 

27* Where dHyou aofulre these skills? (Describe in as nuch detail as possible) 
•• . 

b^ 



®* . 

28* What parsonal^soclal traits or characteristics do you beliere a person needs 
in order to be successful as a technician? 



29* In uhat professional organisations connected with your work, do you hold 
nefld>ership? . .. 



30* What registration, certification, or license do you hold?, 



31* Do (did) asy of your hobbies contribute to success on your present Job? 
Please describet . . . 
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32* Hhtk «ip«ri«nc«:| (Start with earrant eaployBant and work back) 
a* !• Ooapmsy 



2* Foaitlon 



3 

4 

5 

b« 1 
2 

3 

4 

5 

e. 1 
2 

3 

4 

5 

d. 1 
2 

3 

4 

5 

a* 1 

2 

3 

4 



finployad fron 



to praaant 



Ooopanaation 



.(waak) (aontl.) (yaar) 



Ooopanlaa naia product or aarrlca 
Gonpany 



Foaltion 



Baployad from 



to 



Oonpauaation $ 



(wsak) (aonth) <yaar) 



Gbopaniaa main product or aaxvlca 
Ooapany 



Foaitlon 



Employed from 



to 



Oompanaatlon $ 



(week) (month) (year) 



Gompanlea main product or aerwica 
Gompany 



Foaitlon 



Employed from 



to 



Gompanaatlon $ 



(weak) (month) (year) 



Gompanlea main product or aarvlca 
Gompaiqr 



Foaitlon 



Employed from ^ 



to 



Gompanaatlon 



(weak) (month) (yaar) 



Gompanlaa main product or aerwlca 
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Fotitlmi 



f. 1. 

2 * 

3* Inployad fron _______ to _________ 

' • Oooponsatlon $ (iieek) (nonth) (year) 




APP81DIX C 



Card Sort 

!• Technioil and •eientifie oral and wrlttan ooaBunieation including buainaaa 
foncy raporta* aaphaaicing the different typea of buainaaa lettera* Tedi- 
niqoea of oollaeting and preaenting aeientifie data* Infonal reporta and 
fonal reporta; apeoial typea of technical papera* 

2* Fundaaental phyaical and chemical principlea govemii^g food preaervation 
by freeaing^ canning, drying, concentration, aalting, aaoking, fermenting, 
carbonating* 

3* Numerical control, data proceaaing, interpretation of engineering drawinga, 
depletion of data by nanuacript, oiniiitn diaenaiona and uae of formulae, 
left data, tranalation, programming, and quality control* 

4* Thermoaetting and thermoplaatie materiala* Filma, enamel, painta, laequera, 
alkyda, phenolica* 

5* The biology of the common bacteria and ideroorganiama* Laboratory work in 
the techniquea of ateriliiation, diainfeetion; iaolation and maintenmee 
of pure eulturea; ataining and identification* 

6* Lab procedure to identify and protect againat radiation and electrical 
haaard including medical and nuraing methoda* 

7* Relationahipa between the atrueture and the phyaical and chemical propertiea 
of ceramic materiala, including claya, refraetoriea, and cement* 

8* Analyaia and deaign of baaic electronic circuita involving vacuum-tube and 
aemiconductor devicea* Graphical characteriatica and coefficienta* Linear 
equivalent circuita* Elementary feedback analyaia* 

9 * The chesistxy of food: carbohydratea, protein, fata, minerala, vitamina, 

and food pigmenta* Baaic nutritional needa* 

10* Msndeliam, the chromoaomal theory* the phyaic-chemical nature of the gene, 
cytoplaamic inheritance and environmental influencea; emphaaia on human 
inheritance, problema of genetic counaeling, and eugenica; experimenta with 
fruit fliea, protocoa, and planta* 

11* The conatellationa, aolar ayatem, atrueture of the univerae, determination 
of time, and calendara* Oie of aatronomical inatrumenta for data collection* 

12* Goulomb'a Law and the baaic concepta of eleetroatatiea, direct and alter- 
nating current theory, magnetiara, electro-magnetiam, Ai^ere'a Law, oacil- 
lator circuita, and L/c and R/c circuita* 



ERIC 



14* Klerobial life with cmphiuiis on morphology » culture and the biochemical 

activities of bacteria » viruses and fungi; pathogenic microorganisms » human 
protozoan and helminth parasltles; antiseptics^ disinfectants » sterilisation. 
Infection and resistance, diagnostic tests and immunisations* 

15* Laboratory techniques In use for Identification of parasites* Thick film 
fox malaria, concentration techniques for ova and cysts, wet and stained 
preparations for Intestinal parasites, especially of the comnon patho- 
logical forms* 

16* General and economic entomology; taxonomy of the principal order In Injects; 
life histories, habits, recognition, and control of some of the principal 
Insect pests* 

17* Ube of simple test equipment* Theory and application of commercial test 
equipment, trouble analysis, and test and alignment methods and practices* 

18* Principles of pulse and timing circuits. Including multivibrators, limiters, 
clippers, blocking oscillators, and counting circuits* Quantitative analysxs 
of differentiating and Integrating circuits* 

19* Mineralogy Including physical properties, blowpipe and chemical loethods; 
r h e orgln occurrence and association of minerals; basic crystallography, 
and the Identification of minerals by means of physical and chemical pro- 
perties* 

20* Identification and classification of minerals and rocks with particular 
< f on well cuttings, field mapping, subsurface mapping and well 
correlation* Historical geology, geophysical methods, and electb,lc log 
Interpretation* Rotary drilling equipment, prime movers circulation 
systems derricks and masts, bits, lubrication, drilling technique, and 
mud control and drilling problems* 

21* Theromodynamic aspects of gas turbine and turbo-jet engine design* Per- 
feet end reel gee reletlonshlpe end their eppllcetlon to problems of flow 
through compressors and turbines* Ifedem gas turbine cycles and their 
application to power plant. Industrial, rnd aircraft Installations* 

22* Engine cycles, performance, characteristics, analysis of problems, theory 
of Internal coad>ustlon engines* Fuel systems on Internal cond>ustlon en- 
gines and the functions of the parts* 

23* Organization methods Involved In establishment and conduct of training 
programs for company employees* 

24* Analysis of organizational structure of business* 
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25* Dcvelopaent of the labor novenent and the main forces underlying the labor 
problem* Government regulation of labor relationships* approach of workers 
to labor problems { the developmeut of the Hational Labor Belations Acts* 
the Wagner Act* the Taft»Hartley Act; mffitiagement»labor relations* 

26* Practical application of basic psychology in planning* conducting and eval- 
uating conferences and interviews* Enq>hat<ls on employee selection* classi- 
fication* training* evaluation* working conditions* counseling* group at- 
titudes in the occupational situation as they affect motivation* status and 
morale* 

27* Time study and the science of management; process diarts* operation analysis* 
motion economy and job design; time study preparation* observation* cal- 
culation and adjustment; ration delay study* formula development and con- 
struction of tables* curves and multivariable charts* 

28* ?<hiintaining labor force and control so that the objectives and purposes 
of the company are attained as effectively and economically as possible* 
und procedures related to the efficient utilisation of resources 
in production; specialisation of process and labor; product and process 
analysis* production planning and control; materials procurement and con- 
trol; methods improvement; time study and wage determination; selection 
of layout* etc* 

29* The underlying principles of plane surveying; surveying instrumenU and their 
use; adjustment of the level and transit; calculation; introduction to 
mapping and optical tooling* 

30* Basic principles under lyixig hunaan behavior and its control; perception* 
learning* motivation* emotion* intelligence* personality adjustment* 

31* Automotive fuels* fuel requirements* fuel ratings* fuel tanks* lines* fittings* 
pumps* carburetors* fuel injectors* si^er chargers* governors* guages* 
manifolds* and exhaust systems; automotive batteries* generators* alternators* 
rectifiers* current regulators* cranking motors* ignition systems* lighting 
systemsr signaling devices* wiring* power windows* and convertible top 
electrical apparatus* 

32* Blementary techniques and practices of manipulation and fabrication of simple 
laboratory apparatus of heat resistant glass* Bending* cutting* grinding* 
pulling* and joining glass* 

33* Tesksion and eoaq»ression within the elastic range* Hooke's Law working 
assend>ly* and thermal stresses* Mohr's circle* bending moment and shear 
diagrams* Deflection of transversely loaded bemas* Theory of columns* 
Combined loadings* Laboratory tests* 

34* Composition and resolution of forces* equilibrium conditions* Newton's 
ludig of iBotion* uniformly accelerated motion* projectile motion* concept 
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35 . 

36 . 

37 . 

38 . 

39 . 

40 . 

41 . 

42 . 

43 . 

44 . 

45 . 

46 . 



of vorkf power end energy , eleeticit^* rotetionel aotion, and slnple 
hanaonic motion. 

Metal forming Including maclilnlngy chemical milling^ sp inn i ng » electrlcsl 
forming, and eiqploslve forming. 

Kinematics of a particle, kinetics of rigid bodies, moments In Inertia of 
masses, rotation of rigid bodies, any plme motion of rigid bodies. Impulse, 
momentum. Impact, properties of solids and llq[ulds, and Introdnctlcn to 
vector analysis. 

Metal forming Including casting, die easting, forging, extruding and the 
accompanying pattern and tool construction. 

Applied statics and strength of materials, dealing with forces, stresses, 
and the design of simple and structures. Applications of the 

characteristics of modem engineering materials to structures. 

The physical and chemical fundame n tals of glasses. The roles of consti- 
tuents In relation to the formation, structure and properties of glasses. 
Basic concepts In the glassy state. 

Fundamentals of propulsion. Themodynamlc ^cles and basic characteristics 
of ram jets, turbo Jets, turbo props, pulse Jets and rockets; analysis of 
propulsion systems. 

Functions manipulation of the basic business machines, with emphasis 
on the various duplicating processes and dlcti^hone machines. Some working 
knowledge of the comptometer, the 10-key, and other calculators and adding 
naehlnes. 

Goat accounting. Job- lot process cost. Accounting methods for material, 
labor and factory overhead, and preparation of financial statements from 
cost data. 

Tax laws as they affect business and accounting procedures; preparation 
of personal, partnership, and corporate income tax returns computation of 
capital stodc, excess profits, estate, gift and excise taxes. 

(PBBI) Selection and seq[uencing of specific identifiable events necessary 
to successful completion of a project. Estimates of time, evaluation pro- 
cedures, Information channels, and the use of data processing technlfoes to 
permit periodic sumnarles of projects. 

Technicpies in presenting market data, evaluating market potential, and 
selecting locations for wholesale, retail, and service establishments. 

A branch of mathematics dealing chiefly with the rate of change of func- 
tions with respect to their variables— differential calculus. 
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47 . 

48 . 

49 . 

50 . 

51 . 

52 . 

53 . 

54 . 

55 . 

56 . 

57 . 



Graphical solution of problens Involving points* lines* plin ^gy revolu- 
tions* intersections* angles* tangent planes* and developnents. Plus 
problens involving contoured and warped surfaces. 

Cartesian and polar coordinates* straight lines* conics* reduction of 
general quadratics to type foras* locus problens* paranetric equations. 

Differential equations; line Integrals; vector analysis gradient* diver- 
gence and curl; solutions of the equations. Partiid differential equations 
and boundary value problems* wave equation* heat conduction* coi^lex 
variable theory* and conformal mapping. Gouehy integral theor«a residue 
theorenu 

Separation of variables* homogeneous functions* eicact equations* inte- 
grating factors* linear equations of the first order first ' degree* Ber- 
noulli's equations* coefficients linear in the two variables* series in- 
tegration* orthogonal trajectories* hyperbolic functions and applications. 

Trigonometric functions and fundamental formulae. logarithms and solution 
of triangles* identities and equations. Trigonometry from ratios* right 
triangles* and identities* throu^ vectors and graphs of trigonometric 
functions. 

Algebraic gri^hing* exponents* powers* roots* radicals* Im ag ing 
complex nuabers fdirougb ratio proportions* variations* and logarithms. 

Metric system and square root; geometry from plane figures to geometric 
solids; algebr- from operations with signed numbers through algebraic 
expressions* e^^tions* special products* factoring* and fractional equa- 
tions and si mu lta ne ous equations. 

Permutations* combinations *»d probabilities* infinite series* determinants* 
inequalities* and mathematical Induction. 

Laplace transforms* Gamma* Gessel and legendre functions; Pourier series 
^nA orthogonal functions; multiple* line and surface integrals; vector 
field theory* theorems of Gauss* Green* and Stokes. 

Linear* radical* and quadratic equations; simulta ne ous solutions of se- 
cond-degree eqMtions; binomial theorems* deMoiver's theorem* ration^ and 
irrational roots of polynomial equations of any degree; complex numbers* 
cubic nuabers* cubic and quadratic equations* theorems on roots* isolation* 
limits* ^»»d approximation of real roots. 

Vacuum tube and transistor theory. AC parameters* resonance* ttansformers 
coupling* filters* bandpass* and complex wave forms. Tuned and untuned 
circuits* and vacuum i:ube power supplies. 
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58* BleaenUry logic^ natheiiatical indtictlony penraUtloiiSy conbiiiAtions pro- 
bability » the theory of aetriees end netrlx treneforaetloney theory o£ 
vector epecety end the concept o£ eet* 

59# Integration ee the converse o£ dillerentietlony .Integrals as the Halt 
o£ a sin* reduction of type £oxms; applications geoaetry and aechanics 

60# Analytic geoaetryy extremal probleas limits^ continuity* derivatives* 

antiderivatives* and the calculation or are by approximation methods and 
by use o£ antiderivative £unctions# 

61# Sketching £orms £roa observation; emphasising volmies* perspective* com- 
position* and measurements# 

62# Preparation o£ soological and botanical materials £or microscopic exami- 
nation; including principal techniques and histochemical preparations# 

63# Kachine elements and calculations in determining the sise and shape o£ 

various parts# Factors Which in£luence the selection o£ aaterials 

to be used# Prototypes# 

64# Basic illustrating techniques; color concepts* organization o£ space* and 
aesthetic Judgment# 

65# Preparation o£ block diagratmi* schematics and layouts using standard 
conventions# 

66# ASA standards* use o£ handbooks* graphical treatment o£ empirical data* 

conversion charts and nomograms* graphical di££erentiation and integration* 
tolerance and limit dimensioning# 

67# Projection and graphic representation: use o£ instruments* lettering* applied 

geometry* ^ sections* conventions (B#6#* melding* pips* electronic/ 

auxiliary views* screw threads* cams* gears* theory o£ perspective* prepara- 
tion o£ working and asseoibly drawings# 

68# Programming o£ electronic digital computers £or applications in business and 
industry# Data processing* characteristics o£ computers* and computer 
programming or coding# Machine organisation* problem £oranilation* automatic 
programming* numerical analysis* machine la n guage programming* and 
applications of computers# 

69# The organisation and basic operation o£ a digital cooeputer# Programming* 
number systems* and Boolean Algebra# Analysis* design* and utilisation 
o£ principle computer circuits such as logic gates* £lip-£l^s* and memory 
networks# Design o£ binary counters and application of Booxean Algebra to 
per£orm binary arithmetic# 
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TO* PerroiM «nd non-ferroui metAl hMt treatlugy mtcxoatructur#, eoapoiltlon^ 
physical and chanlcal testing* Mttsllogrsphy^nstsllttrglcsl exnlnstlonsy 
inspection procedures » end corrosion testing* 

71. Electronic circuit theory of video eiqplifiers, tuned SB^>lifiers, end basic 
feedback oscillators, nonlinear anplifiers» modulators and deoodulators. 

Noise inelectron devices. Relaxation phenioaena and Wave-fom generation. 

72. Pattern drafting and layout; tool operations as related to proces^ses of 
aanufacturing sheet and plate products. 

73. Metal fabrication including oxyace^lene welding and cutting; electric «c 
welding, heliarc and shield arc welding; friction and vacuun welding, ano 
cold fasteners. 

74. Plants norphology, physiology, genetic, inheritance, identification, classi" 
fication, and enviromnental relationships. 

75. The use of synchros and servomechanisms, synchro generators, motors, dif- 
ferentials and control transformers. Control circuitry for error detection, 
anti-hunt systems, servo aiq»lifiers, thyratron motor control, tho 

Leonard control systems, the amplidyne, and AC servomotors. Industrial 
application of electte^lc controls including photoelectric devices. 

76 Feedback problem in linear systems. Techniques such as: transfer and 

weighting functions; block diagrsms, signal flow graphs, time°domain an- 
alysis, root locus technique and frequency-domain analysis. 

77. The use of measuring equipment in a system to measureoorjcontrol the system, 
such as thermocouples, strain gauges, pressuib transducers and various 
current or voltage pickups. Accuracy Inherent in alternate methods or 
measurement. Methods of transcribing or Indicating measured values, or o 
using measured quantities to control the systemr 

78. The gnwth and developnent of dallying. (A) Prlnclplea and praetlesa in the 
pxodoetlon of nllk; basic feeding, nanagement, and dlseaee orotrol pract leea. ^ 
(B) Basic principles of dairy lodusCry practices; soBnon dairy tests; general 
survey of all important branches of the industry. 

79. Ihe calibration and use of typical Industrial and laboratory iMtrwMts and 
their actual use in the analysis of equipment representatlTe of tmIow 
fields. Calorimetric, spectrophotomctric, spectrographic, electrolytic, 
pOtentiometric methods. 

80. The basic laws and theories of elements, conpounds, and the structure and 
behavior. 

81. The principles, equipment, operation, and flow of chemical processes. Pro- 
duction of the common acids, bases, salts, gases, and cryogenic liquius. 
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82 * BmIc photography with eophaalt on graphic arta procadnrea and applications 
in tha preparation of negativea for offcet lithography^ baaic photographic 
Mteriala and anpplieat developer reaction^ color aenaitive nateriala and 
auppliea; and filters and halftone acreens* 

83. Ghenical testing of indna trial materials and products; preparation of solu- 
tions nwd reagents; and investigation of gravimetric^ vdluorntric^ and gaso- 
metric methods. GhromatographiCy spectrophotometries spectrographics po- 
tentiometriCs and conductimetrics and microscopic prodednres. 

84. The fundamental laws governing the behavior of gases 9 liquids and solutions. 

equilibrium in homogeneous and heterogeneous systeiBS. Electrolysis 9 
conductances transference. EMB's of cells with and without transport. First 
law of thermodynamics with application to thermochenistry. Application of 
thermodynamics. Chemical kinetics including photochemistry and chain reactions 
Quantum theory and infared tad Soman spectra. 

85. Carbon compounds; their structuress properties and nomenclature; types of 
reactions of isportant functional groups. Uboratory techniquoss preparationSs 
and qualitative analysis. 

86. The plqrsical chemistry of polymerisations basic kinetics and mechanisms of 
condensation and addition of polymerisations. The measurement of the 
physical properties of high polymer systems including molecular weight9 
solution properties 9 and polymer structure. 

87. Technique of venepuncture. Practice in the common biochemical —dic al t ests 
(blood sugar 9 non-protein nitrogen9 proteinometry9 etc.) and the uncommon 
tests (e.g.9 sodium9 potassimn9 phosphatases 9 etc.). Liver and kidney 
function testS9 simple toxicological testS9 pregnancy tests. 

88. The probleam and effects of Industrial wastes discharge upon a sewms^es 
collection system and treatment plants to which it is tributary. Industrial 
wastes ordinances and representative control problems. 

89. Meehanics of flttids9 temperature scales9 thermal expansion9 methods and 
laws of heat transfer9 calorimetry^ properties of gasses9 fusion and 
porlaation9 and an Introduction to thermodynamics; wave motion and sound. 

90. Atoms9 singles crystals and polycrystalline materials. Properties of ^e 
metallic state; nature of alloys; making of alloys; phase equilibrium dia- 
grams; micro-constituents of alloys; mechanical and thermal treatment; 
survey of non-ferrous and ferrous metallurgy. 

91. Equations of state9 the first and second laws of thermodynamics 9 

sible •wd irreversible processes 9 isothermal and adiabatic processes 9 Carnot 
processes 9 absolute temperature scale 9 entropy 9 free energy 9 Gibbs potential 9 
equilibrium9 Herat's heat theoreme specific heats ef solids. 




8 



f 



I 



92* The pXDpertlee of fluid and vapora including uae of vapor tablet and chartt: 
flow of fluid# in noxselt; ooad>uttion caleulationt; vapor cycle# and steam 
power i^licationa; mixture# of viqrar and gate#* 

93* The principle# practice of heat transfer by oonductiony radiation^ 

forced convectiony v^K>r condensatlony and boiling liquids* Ifasteady* 
state heat transfer* 

94* Fission, neutron diffusion, neutron meoderation, bare homogeneous thermal 
reaction. Reactor Theory, special relativity, x-rays, nuclear structure, 
natural and artificial transmutation, and radioactivity* 

95* The nature and propagation of ligllit, photometry, diffraction and inter- 
ference, dispersion, spectra and <solor, polarised light, radlttt energy, 
electrolysis, photoelectric effect and ^piantum of light, Bohr s theory, 
spectra of atoms* 

96* Bacteria, yeasts, and molds; physiology, morphology, and yrstematic re- 
lationships; the significance of bacteria, yeasts and molds in general 
sanitation, agriculture, hoiae economics and communicable diseases* 

97* Blementary aspects of organic unit processes including nitration, sul- 
fonation, halogenation, hydrogenation, oxidation, and alkylation* 

98* Environmental testing of components, parts, and producU for assessment of 
performance in actual application* 

99* Preparations of specimens for testing by processes such as slicing, polishing, 
electropolishing, etching, dyeing, and impregnating* 
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APPBIOIZ D 



GOHPANIBS PimCXPATINB IH TBB 8BSBARCH 



AlRMMTch HnuifActaring Goopaoj 
AM500» Inc. 

Ariionn Public Scwlcc Gonpcny 
Dldcson Blcctrontcc 
Dynnnlc Sytteac Blectronlct Gonpcny 
Baercon Blccttlc Gonpcny 
Goodyccr Acrospcce 
Stctc of Arlionc fiLghvcy Dcpcrtncnt 
c. Phoenix 

b. Flcgctcff 

c. Klngncn 

Hnghes Alrcrcft Gonpcny 

Kennecott Gopper Gorp.» Rcy Mlnec DlTlclon 

Hotorolc Acrocpcce Genter 

Hotorolc Sent Gondnctor Dlvlcion 

Phoenix, Glty of, Gonnunlcctlonc Dlvlcion 

Sclt River Project 

Sperry-Phoenlx 

Dhldyncmlcc (Pilot Study) 

D« S. Geologlccl Survey, Phoenix 



